Patented May 27, 1947 o

2,421,265

. -' . R ] A . el -..,_. i} -_.- . Py - A . we . ok o i H?“:.‘ ..

2,421,265 .
RAPID ZINC DEPOSITING BATH

George B. Hogaboom, New Britain, Conn., assign-
or to. Hanson-Van Winkle-Munning. Company,
- Matawan, N. J., a corporation of New J ersey,

No Drawing. Application Ayrll 26, 1941,
Serial No. 390, 539

(CL. 204-—55)

9, Claims.,
1

Tms invention relates to the eleetledepesmon
of zinc from acid baths, and has for its object
to rapidly deposit zinc in a fine-grained smooth
struciure at a high eethede eﬁimeney and with
good adherence and defe1meb111ty so that the
resulting plated basis metal may be mechanically
werked without cracking or peeling of the de-

POsit.
in making up the bath, I employ an aqueous
electrolyte of zinc chleride and zinc acetate in
such prepertmns and ceneentratlens that the
composite bath no longer possesses the faults of
elther a straight zinc-chloride bath or a straight

zinc~acetate bath, but has certain propertles pe-

culiar to the use of these salts in association
with each other. ¥For example, the solution pres-
sure of zinc In 2zinc chloride containing free
hydrochloric acid is so high that it is dlﬂicult
to secure any satisfactory deposit of zinc, and
at the same time excessive chemical solution
of the anode occurs when a soluble anode such
as pure zinc or one of the usual zinc-alloy anodes
is employed. On the other hand, the electrical
resistance of a straight zinc- ecetete bath is such
that high current densities cannot be maintained
without unpractical voltages and excessive devel-
cpment of heat in the electrochemical process.

I have found that these disadvantages are elim-.

inated by the conjoint use of zine chloride and

zinc acetate as substantially the entire electro- 390

lyte in such quantities and proportions that the
total metal is within the range of 2 to 60 0z./gal.,
at least 4% of which is furnished by zinc acetate,
and the remainder, not less than 49%, is fur-
nished by zinc chloride. The optimum total metal
lies within the range of 10 to 30 oz./gal., and the
optimum ratio of metal from the respective salts

is in the neighborhood of 80% from chloride to

20% from acetate.

Another important effect of the conjoint use
of zinc chloride and zinc acetate in producing
the agueous electrolyte is with relation to the pH
value at which the bath is most advantageously
operated. For example, in a bath containing 60
ounces of zinc per gallon as ftetal metal con-
tent, the pH value of the kath will be about 2.8
at 957% zince from chloride and 5% zinc from
acetate, whereas in a bath containing 2 ounces
of zinc per gallon as total metal content at the
same ratio of zinc from chloride to zinc from
acetate, the pH value will be at about 5.6, with
no free hydrochloric acid added in either case.
With baths of the same total metal content, the
pH value increases as the ratio of metal from
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pertlcu}arly favorable pH range is from 3.8 t0 4.2
in a bath ‘containing from 10 to 30 ounces of
total metal per gallon when epereted at a fem-
per ature of 120° F. and a current density. ef 15 to
450 amps./sq. ft. at the cathode. Under these

| eend1tmns employing a cold rolled. steel cathede
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and a zinc- -aluminum-alioy ancde, as deserlbed
for example in U. S. patent to Graham, No
1,888,202, dated November 15, 1932, the epemﬁc
resistivity of the bhath is in the ne1ghberhoed ef

......

The deposat frem such 9 solutlon 15 ﬁne gralned
very adherent and capable of hemg bent into any
shape desired, so that a steel sheet or strip con-
taining the electradeposit may be rolled, drewn
or otherwise mechanically. worked Wlthout sep-
aration of the deposit from the besm metel or
cracking of the deposit. Practical exemples of
zinc plating solutions within thlS preferred ra,nge
are made up es fellows |

Tofal Metsl Conient....———-............| 10ox/gal. | 30 oJea.
Oz./gal. Oz / al.

Zine Chloride .. _____________ . ____________ 16.8 “80. 4 |

Zmp Aeej;ete--.“________:-___;__-.__‘._;.'_-::_:-:._'_'__._.: | 5.6.1 16.8
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In addition to adjusting the pH va,lue of the
bath to the point desired, by the total metal
content and the ratio of zine from chloride to
zinc from acetate, the conductivity of the bath
is also affected by the total metal content and
the metal ratio from the respective salts. Thus,
as the ratio of zine from chloride to zinc from
acetate is increased from a low value to approx-
imately 80% of the total metal, the specific re-
sistivity of the bath at 120° P, steadily decreases.
Beyond this ratio, further additions of zinc chlo-
ride produce only relatively small decreases in
specific resistivity, and little is to be gained in
this respect by increasing the zine-chloride con-
centration beyond this point. In an engineering
sense, the avoidance of further decrease of pH
value may become more important than the slight
further reduction of the specific resistivity.

In baths of relatively high zinc-acetate con-
tent, the pH value may be above the preferred
operating range., In such case, hydrochloric
acid may be employed to lower the pH value to,
for example, 4.2 or 4.0, and such a bath, with
its pH value thus adjusted, will give a fine-
grained deposit of good mechanical properties.
However, the presence of the hydrochloric acid

acetate to metal from chloride is increased. A 99 will accelerate the chemical etteck upon a pure
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zinec anode or & zinc-aluminM-mercury anode,
and produce an objectionable coating on the
anode or sludge in the bath., It is found that in

- such cases particularly, a zinc-aluminum-alioy

anode of the type hereinbefore mentioned is much

to be preferred, as it will sutier -only very- slight

or insignificant chemical decomposition and oper-
ate satisfactorily under the conditions mentioned.
In general, for all types of solutions within the
principles of this invention, such a zinc- alumi-
num-alloy anode is most satisfactory, as it re-
mains clean and does not develop the dark, high
resistance coating on the surface or. mtroduce
objectionable guantities of suspended matter into
the bath to adversely affect the cathode deposit.
Since the bath is in most cases subjected to

periodic or constant filtration and cir culation, the

aluminum does not build up to objectionable Pro-

~ portions in the bath.

The maximum of the temperature range is
particularly important because at 130 to 140° F.
decomposition of the zinc acetate sets in. JFor
this reason, the temperature range is best lim-
ited to from room temperature to 125° F., with
the optimum temperature at about 120° 1" In
this connection, it is important to bear in mind
that the baths described present such a low de-
oree of resistivity that the upper temperasure
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limits are not automatically obtained by the plat- -

ing current even at 450 amps./sq. {t. In most
cases, artificial heating is resorted to in order
to maintain the optimum temperature of 120° F.
The reference to current densities in the neigh-
borhood of 450 amps./sq. ft. applies, for eXam-
ple, to plate, sheet and strip stock of cold rolled
steel in widths as great as thirty-six inches, con-
tinuously moved through the electrolyte at a dis-
tance of two inches from the anode surface. Ob-

viously, on round wire much higher current den- -

sities are perfectly feasible, with satisfactory cath-
ode contact distribution, so that artificial heat-
ing may become unnecessary and artificial cool-

ing be required to maintain the proper tempera-

ture.

Teclaim:

1. An aqueous bath for the electrodepe.e,ltmn of
zine, comprising zine chloride and Zinc acetate
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as substantially the entire electrolyte, the total
zine being within the range of 10 to 30 o0z./gal.
with about 80% supplied from zinc chloride and
about 20% from zinc acetate.

2. An aqueous bath for the electrodeposition
of zine, comprising zinc chloride and zine acetate
aS substantmlly the entire electrolyte, the total
zine being within the range of 2.0 to 60.0 oz./gal.,
the zine acetate and zinc chloride each furnish-
ing at least 4% of the total zinc.

3. An aqueous bath for the electrodeposition
of zine, comprising zinc chloride and zinc acetate
as substantmlly the entire electrolyte, the total
zine beine within the range of 10.0 to 30.0 oz./gal.,
the zine acetate furnishing from at least 4% to
about 20% of the total zinc.

4. An agueous bath for the electrodeposi-
tion of zine, comprising zine chloride and zinc
acetate as substantially the entire electrolyte,
the total zinc being within the range of 25.0 to
30.0 oz./gal., the zinc acetate furnishing from at
least 4% to about 20% of the total zinc.

5. An aqueous bath for the electrodeposition
of zinc, comprising zinc chloride and zinc ace-
tate as substantially the entire electrolyte, the
total zine being within the range of 16.0 to 30.0
oz./gal., the zinc acetate furnishing irom a icast
4% 10 abeut 20% of the total zinc; the particu-~
lar quantity within this range being that which
with the zinc chloride provides a pH value be-
tween about 4.2 and 3.8 without the addition of

free acid.
| GEORGE B. HOGABOOM.
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