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1

It is already known to tin articles of irom,
steel, copper or copper alloys by dipping or im-
mersing them into anhydrous salt melts contain-
ing stannous chloride. The scheme of reaction
is the following:

Cu-SnCla=CuClz4-Sn (€D
Fe--SnCla=FeCly1-Sn 2)

It is therefore a matter of place changing re-
action in which always as much tin atoms are
deposited on the dipped article as inversely cop-
per or iron atoms are transferred from the re-
spective article into the salt bath. It is evident
that by such place changing reaction a tinning
may be made in which a vast steadiness of the
dimensions of the immersed articles is guaran-
teed. This process has considerable advantages
as in contradistinction to the other tinning proc-
esses the dimensions of the dipped articles re-
tain their exact size and any extra work is
avoided. The reaction takes place in the molten
salt melt, i. e. at a higher temperature (300-500°
C.. In consequence thereof the separated tin
diffuses into the dipped articles thereby forming
an alloy and firmly connecting the superficial
tin layer with the material of the article to be
tinned.

In spite of the described advantages this very
simple process was up to now without any im-
portance for the tinning, the reason therefore
being only attributable to its economy. Stannous
chloride, the only tin salt being in question, has
the disagreeable quality to easily dissolve, i. e.
to form oxychlorides under the influence of the
oxygen of the air, the atmospheric humidity or
oxidized materials, or to decompose in pure oxy-
gen combinations. The respective transforma-
tions are the following:

28nCle-+-H20-4+-0=28n0C14-2HCl (3)
or

SnClz+-HaO=8SnO-}-2HCI (4)

If oxychlorides or oxides are used the de-
scribed tinning process by place chsnging re-
action does not take place. Both oxygen com-
binations are inscluble in pure stannous chlo-
ride as well as in salt melts containing stannous
chloride (sludge forming) and withdraw from
the tinning reaction thus causing inscceptable
losses of fin. The oxygen compositions are pref-
erably formed during the producing of the salt
bath but also during the tinning process itself.

(1) Oxidation during the producing of the
salt bath

Stannous chloride of usual commercial gquality
contains two parts of water of crystallization
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(8nCl2.2H20). This salt melts at 37.7° C. in its
water of crystallization. If further heated, the
water of crystallization vaporizes briskly froth-
ing. Thereby considerable quantities of stannous
chloride decompose according to the Equations
3 and 4. From the outside this decomposition
may be seen by the colour of the molten salt
changing with the increasing forming of oxides
from a state clear as water gradually to a dingy
vellow until green state. By addition of hydro-
chleric acid the Reactions 3 and 4 may be some-
what displaced to the left side, i. e. to the side
of the stannous chloride according to the law
of mass action, however, this fact does not give
any practically noticeable protection against the
decomposition.

(2) Oczxidation during the tinning process

By the influence of the air the decomposition
of the stannus chloride progresses during the
tinning (300 to 500° C.) in a considerable degree
so that already after a short working duration
the salt bath becomes useless. The oxidized
stannous chloride is lost for the tinning process
and cannot be regenerated.

For the purpose to restrain the decomposition
of the stannous chloride different suggestions
have been made, consisting in adding alkali
halogenide, earth alkali halogenide and chloride
of zinc, individually or in combination, to the
stannous chloride.

(a)  Sodium chloride—~No combinations are
formed with the SnCl:. An eutectic lies at
63 mole-percent SnCl: and 183° C. Additions
until 80 mole-percent NaCl with regard to SnCla
were suggested.

(b) Potassium chloride—~The diagraim

KCl—SnClz

is shown in Pig. 1 of the drawing. According to
this diagram the compositions KCl.SnCiz and
KCL38SnCl: are produced with the melting points
near 224° or 208° C. respectively. An eutectic lies
at 62 mole-percent SnCl: and 180° C. This
eutectic consists of 52% KCLSnCl: and 48%
KCl1.38nCls. For the purpose to restrain the de-
composition of the stannous chloride additions
of 17 to 38 mole-percent KCl were suggested.
The eutectic composition at 62 mole-percent
SnCl: had heen suggested as forming the lowest
limit.

(c) Chloride of zinc—With SnCl: only one
eutectic exists at 44 mole-~percent ZnClz and 171°
C. No compositions. Additions of 5 to 70%
ZnClz have been suggested, preferably a mix-
ture of 50% SnClz and 50% ZnCl: has been used.

Thorough tests have shown that the action of
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all additions suggested up to now is only very in-
considerable with respect to the decomposition of
the stannous chloride. A number of resulis of
such examinations are to be seen from Fig. 2
of the drawing relating to a middle tinning tem-~
perature of 350° C. Curve |.serves for the pur-
pose of comparison, showing the conditions with
pure SnCle. It is to be seen that already by the
melting sbout 6.5% SnClz decompose (in the
figure at 0 hours). With the increasing dura-
tion of the tests the decomposition linearly in-
creases. If 30 mole-percent KCl (eutectic con-
centration) is added to the stannous chloride the
decomposition of the stannous chloride is only
little diminished as to be seen from  curve 2.

1so an addition of KCl corresponding tc the
composition KCL.3SnClz (curve 3) may only
inconsiderably restrain the decomposition of
SnCle. By way of example a composition of 50
mole-percent SnCl and 50 mole-percent ZnCls
has been chosen (curve 4) to show the action
of an addition of ZnCls. The action restraining
the decomposition is also inconsiderable. Mix-
tures of SnCle with NaCl, NHsCl, MgCls, CaCie
and BaCls: are in an equal position.

Systematic tests have shown that an addition
of KC1 corresponding to the constitution of the
combination SnCla.XCl restrain the decomposi-
tion of the stannous chloride in a surprising de-
gree.  As to be seen from curve 3 in wg. 2 1. 1L
after a duration of the test for 4 hours only agout
3.5% SnCls were decomposed in comparison to
more than 409% if pure SnCls, 36% if 59 mole-
percent ZnCls, 22.5% if the eutectic

KCLSnCle—KC1.38nClz

(82 mole-percent SnClz) and 20.5% if KCL38nCle
are used. An addition of KCl corresponding to
the constitution KC1.SnCle diminishes therefors
the decomposition of the stannous chloride for
more than 909%. If the duration of the test is
prolongated the superiority of the constitution
£OLSnCl: is still more apparent. Already dur-
ing the melting this composition proves very
stable. While all other mixtures lose 4.5 t0 6.5%
SnCl: already by the dehydrating the loss
amounts only about 1% (Fig. 2, 0 hour) if the
constitution KCLSnCl: is used. Thus the pre-
liminary conditions of an economical execution
of the deseribed tinning process are given. The
small decomposition of stannous chloride still ex-~
isting may be accepted without ado. The tech-
nical advantage over the suggestions made up o
now is evident. Also a composition corresponding
to at least 60% of KCLSnCl: shows a loss of stan-
nous chloride (Fig. 2, curve 6) still acceptable in
the economical respect.

These KCLSnCl: melts with at least 68%
KCLSnCl: have still a further surprising ad-
vantage not present in any other tinning salt.
They are in no way hygroscopic. - While the tin-
ning salts used up to now desire for sucking in
water from the surrounding atmosphere already
after a short storing in the air and change into
a pulpy aqueous mass, the salt mixtures accoxrd-
ing to the given definition may be stored for an
unrestricted time and remain absolutely dry.

Ezxample of manufacture

Ahout 59.2 kg. fine tin are solved in 87.7 1. hy-
drochloric acid (specific gravity 1.19). Hereby
about 112.8 kg. aqueous stannous chloride
(SnCl.2H:20) are obtained. It is also possible to
start on about 112.8 kg. stannous.chloride of usual
commercial quality (SnCl.2H20). That is heat-
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ed in a crucible of cast iron or-graphite. Already
at 37.7° C. the salt becomes liguid in its own
water of crystallization. In this melt about 37.3
kg. potassium chloride, £. i. in the form of Silvin,
is inserted. If the temperature is further in-
creased and the melt is constantly stirred the
water of crystallization - evaporates {frothing.
Gradually the salt mixture dries but becomes
again ligquid at 224° C., the melting point of the
pure composition. Thereupon it may be cast to
pigs and stored or immediately used for tinning.
Weight about 132 kg. KCL.SnCls.

Sometimes it may be suitable to dilute the
salt of the composition KCLSnCl: manufactured
in the described manner, 1. i. if the tinning proc-
ess has to take a very slow course. Tor this pur-
pose neutral and cheap salts are suitably used,
f. i. halogenides of the alkali metals, the earth
alkali metals and the zinc. Preferably salts ave
in question producing together with KC1.SnCl: a
rmixture having a melting point below 600° C.

Having thus particularly described the nature
of our invention and the manner in which the
saine is to be performed what we ciaim to be cov-
ered by Letters Patent is:

1. A method for tin coating iron articles com-
prising immersing the said articles directly in a
molten bath consisting of at least 60 per ceat
EC1SnCly, the rest of the bath being composed
of a substance selected from the group consisting
of alkali metal, earth alkali metal and zinc
halides, and maintaining said bath at a tem-
perature of between 300-500° C.

2. A method for tin coating iron articies com-~
prising immersing the said articles without prior
treatment directly into a molten bath contain-
ing at least 60 per cent of a potassium chioride
and tin chloride composition conforming to the
molecular ratio KCLSnCl:, the rest of the bath
consisting of potassium chloride, and maintain-
ing said bath at a temperature of between
300-500° C.

3. A& method for tin coating iron articles com-
prising immersing the said articles without prior
treatment directly into a molten bath containing
at least 60 per cent of a potassium chioride and
tin chloride composition conforming to the mo-
lecular ratio KC1.8nCls, the rest of the bath con-
sisting of KC1.38nCls, and maintaining zaid bath
at a temperature of between 300-500° C.

4. A method for the tin-diffusion-substitution
coating of articles made of iron, iron alioys, cop-
per, copper alloys, and zine alloys comprising pre-
paring an anhydrous molten bath coniaining
least 60 per cent KCLSnCls, the residual coinng-
nents of the bath being a substance selected from
a group consisting of alkali metal, earth alkal
metal and zinc halides, maintaining said bhath
at a temperature of between 224° C. and 508° C.,
thus obtaining an anhydrous molten tin sait batn
which is poor in oxide and immersing said ar-
ticles in said bath for a sufficient time to substi-
tute their metal surface layer with a tin-diffu-
sion-substitution coating.

5. In a process according to claim 1, the use
of an anhydrous molten bath consisting of about
60 per cent by weight of KCL.8nClz and akout 49
per cent by weight of XC1.35nCl..

6. A process for the tin-diffusion surface-isyer
supstitution coating of articles made of iron, iron
alloys, copper, copper alloys and zine ailoys con-
sisting of preparing an anhydrous tin salp pbm‘
in oxide and having not less than 60 per cent by
weight of an anhydrous KCL.SnCls, the remainder
consisting of a substance selected frorh a gfou}g
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composed of alkali metal, earth alkali metal and
zine halides, the said mixture being controlled to
have a fusion point below 600° C., heating said
mixture to a temperature of between 224° C. and
not exceeding 600° C. and obtaining thereby an
anhydrous, poor in oxide tin salt bath and im-
mersing said articles in said bath for a sufficient
time to substitute their metal surface layer with
a tin diffusion-substitution coating.

7. A process for the tin-diffusion surface layer
substitution coating of articles made of iron, iron
alloys, copper, copper alloys and zinc alloys com-
prising preparing an anhydrous, poor in oxide
tin salt from a solution of SnCl..E20 heated at
a proportion of about 112.8 kilograms by weight
with about 37.3 kilograms of KCl, wherecby about
132 kilograms of the tin salt KCLSnCla result,
mixing said tin salt with a salt of the group
consisting of alkali metal, earth alkali metal and

zine halides, said mixture being made at such a

proportional rate that the same contains at least
60 per cent by weight of KCLSnCl: and has a
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fusion point of between 224° C. and below 600° C.,
obtaining thereby an anhydrous, poor in oxide
tin salt bath and immersing said articles in said
bath for a sufficient time to substitute their metal
surface metal layer with a tin-diffusion-substitu-
tion coating.

ERICH GEBHARDT.

GERHARD SCHRAG.
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