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This invention relates to the electrodeposition 
of tin and is more particularly directed to tin 
plating compositions, tin-plating baths, and to 
processes for the electrodeposition of tin in the 
presence of a bath-soluble polyether containing 
a multiplicity of ether groups attached to all 
phatic carbon atoms. 
Tin-plating baths known to the art are sub 

ject to disadvantages which severely limit their 
usefulness. Organic addition agents have been 
employed in attempts to improve the character of 
deposit obtained from such baths and while the 
addition agents effect some refinement of crystal 
structure and SOne modification in appearance 
the tin electrodeposits are of limited usefulness 
and the baths from which they are made are 
difficult and uneconomical to employ. 
Tin electrodeposits produced from prior art 

baths are usually crystalline at even rather low 
current densities and at higher current densities 
the deposits are spongy. They are not adherent 
and many are so poorly adherent that they can 
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easily be removed from the base metal by rubbing. 
Deposits thus produced with prior art baths are 
not readily amenable to brightening by heat 
fusion. These and numerous other difficulties 
have hampered commercial development of tin 
electroplating processes. 

It is an object of this invention to provide com 
positions, baths, and processes by the use of 
Which there may be obtained tin deposits which 
are dense, adherent, and of good appearance. It 
is a further object to provide tin-plating baths, 
compositions, and processes by means of which 
there may be obtained deposits that can be read 
ily brightened by fusion to a brilliant appearance 
and that can be subjected to lacquer baking op 
erations without becoming discolored. Further 
objects of this invention will become apparent 
hereinafter. 
The foregoing and other objects of this inven 

tion are attained by the use in a tin electrode 
positing bath of a bath-soluble polyether con 
taining a multiplicity of ether groups attached to 
aliphatic carbon atoms. By employing a bath 
soluble polyether in tin electrodepositing baths 
one obtains deposits of a markedly improved 
character. W 

Polyethers may be used according to the pres 
ent invention in any tin-plating bath. For pur 
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poses of illustration the following typical baths 
are given: 

Bath 
Grams per liter 

Stannous sulfate------------------------- 54 
Sulfuric acid (computed as HaSO4)--------- OO 

Both II 
Grams per liter 

Stannous sulfate------------------------- 100 
Sulfuric acid (computed as H2SO4) -------- 30 
Tartaric acid --------------------------- 30 

Bath III 
Grams per liter 

Stannous oxalate------------------------- 50 
Annonium oxalate----------------------- 60 
Oxalic acid------------------------------ 5 

Both 

The following alkaline bath is of the type 
shown in the Oplinger Patent 1841,978 and in 
the Wernlund et al. Patent 1919,000. f 

Grams per liter 
Sodium stannate------------------------ 20.0 
Sodium hydroxide ---------------------- 7.5 
Sodium acetate------------------------- 15.0 
Hydrogen peroxide --------------------- 0.5 

Both V 

The following bath is not very stable when used 
Over long periods of time but it is given because 
it is frequently mentioned in the literature and 
it is markedly benefited by the use of polyethers 
according to the present invention. 

Grams per liter 
Stannous chloride------------------------ 30 
Sodium hydroxide------------------------ 75 

Bath VI 
A bath of U. S. Patent 1,202,149 was made up 

as follows: 
Grams per liter 

Stannous chloride, dissolved in 10% phos 
phoric acid---------------------------- 50 

Bai VII 
Grams per liter 

Stannous chloride------------------------ 95 
Hydrochloric acid (computed as HC1)------ 25 
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Bath VII 
Grams per liter 

Stannous silicofluoride-------------------- 110 
Hydrofluoric acid (computed as HF)------- 25 

30th I 

A bath was made up as in the Schlötter Pat 
ent 2,271,209 as follows: 

Grams per liter 
Stannous sulfate------------------------- 45 
Sulfuric acid (66 Bé.)-------------------- 75 

It will generally be found desirable to employ 
polyethers according to the present invention in 

... acid baths of the prior art though as will be 
pointed out more particularly hereinafter ex 
cellent results are obtained in alkaline baths and 
especially with baths such as Bath IV given above. 

Instead of using either the strongly acidic or 
basic tin solutions common in the art it will often 
be found most advantageous to use polyethers ac 
cording to the present invention in recently de 
veloped “neutral' solutions. These baths are only 
slightly acidic, having a pH above 1, and they 
have high conductivity and effective anode cor 
rosion. These compositions are known as 
"halogen-tin' plating baths and the preferred 
baths are composed of an alkali fluoride-stannous 
chloride solution. These baths are described and 
claimed in Schweikher application, Serial No. 
493,757, filed July 7, 1943, now Patent No. 
2,407,579, September 10, 1946. 

In using halogen-tin baths the ratio of fluoride 
to Stannous chloride must be carefully selected 
and related to the operating pH of the bath as 
more specifically described below. The baths 
may be made up with stannous chloride and with 
an alkali fluoride, say sodium, potassium, or am 
monium fluoride. When reference is made here 
in after to an alkali fluoride it will be understood 
that Sodium, potassium, or ammonium fluoride 
or bifluorides may be used or mixtures of any of 
these may be employed. 
The concentration of stannous chloride may 

vary from about thirty-seven and one-half to one 
hundred and fifty grams per liter and the alkali 
fluoride may similarly vary from thirty-seven 
and one-half to one hundred and fifty grams per 
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liter. More Specifically, it is desired to maintain 
the concentration of the stannous chloride and 
the alkali fluoride between about sixty and one 
hundred grams per liter. 
More important, perhaps, than the mere con 

centration of stannous chloride and soluble fluo 
ride is the molar ratio of these materials as re 
lated to the pH at which the bath is operated. 
An empirical formula which has been found sat 
isfactory is as follows: 

k(molis MF) 
pH = mols SnCl 

where MF is an alkali fuoride and SnCl2 is stan 
nous chloride. 
The following conditions should be adhered 

to for successful use of the above formula: 
(l) The constituents are used within the pH 

range of pH 1 to pH 5 under conditions in which 
they are Soluble in the plating bath, the tin con 
tent being maintained within the reasonable 
limits of 0.05 mol to 2 mols of tin metal per liter 
of solution. It may additionally be noted that 
generally it is desirable that the concentrations 
of stannous chloride and alkali fluoride be more 
than about 25 grams per liter. 

(2) The ratio of alkali fluoride to tin chlo 
- 
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4. 
ride for any given tin content is controlled by the 
value of k. It is then found that k is related to 
the pH of operation of the bathin such a way that 
for optimum operation at any given pH, k equals 
0.55. However, it will be understood that in com 
mercial operation good results may be obtained 
with values of k between the broad limits of 
k=0.1 to k=1.0. It is more particularly pre 
ferred to stay within the limits, k=0.3 to k=0.7. 

(3) The mol ratio of MF/SnCl2 should fall 
within the limits of 2 and 12. It is preferred that 
the ratio equal 6 when k equals 0.55. 

(4) The pH of the formula is the maximum at 
which the bath is stable while the optimum pH 
for plating is within the range from about 1 to 
5 and preferably the pH should be in the range 
from about 2 to 4. A bath formulation that is 
stable at a given pH may also be stable at a lower 
pH but the preferred ranges are those within 
which addition agents are generally most effec 
tive. 

In the practical application of the formula, 
since in ordinary use the pH of Operation will be 
preselected, k will be fixed at the desired optimum 
value, and the amount of tin which it is necessary 
to have in the bath will be known, it may be best 
to express the equation in a form as shown below 
which may be used to calculate the amount of 
alkali fluoride compound required. 

pH (mols SnCl2) MF-testov costs 
As an example of the use of this formula let 

MF equal sodium fluoride and let k equal 0.55. 
The conditions selected are 0.33 mO of stannous 
chloride to be used at a pH of 4. Then to cal 
culate the mols of sodium fluoride using the above 
equation: 

(4) (0.33). 2.4 mols of sodium 
0.55T fluoride required 

The acidity of the bath may be that which re 
Sults from the bath constituents though adjust 
ments of the pH may be made as desired. Gen 
erally, as mentioned above, the pH will fall with 
in the range of about pH 1 to 5 while more specif 
cally it is desired to have the pH from about 2 
to 4. 

In addition to observing the above conditions 
it will be found desirable so to adjust the bath 
composition as to lead to a static solution po 
tential within a predetermined range. The solu 
tion potential, P, should not fall outside the limits 

Mols sodium fluoride= 

of the following two equations: 
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s 

P=-0.055 pH-0.265 
P=-0.055 pH-0.370 

In this formula, pH as indicated above, should 
have a value between 1 and 5 or, preferably, be 
tween 2 and 4. 

After a solution has been prepared with con 
stituents selected according to the methods given 
above in some detail, then the solution should be 
examined as to its potential. This can of course 
be done by making up a small amount of solu 
tion first and then adjusting the entire bath 
composition in accordance with the findings. 
If the solution potential is below the values given 
for P in the above formulae, then it may be in 
creased (made more negative) by increasing the 
MF/SnCl2 ratio; if the potential is too high it 
may be lowered by decreasing the MF/SnCl2 
ratio. In adjusting the potential it will be noted 
that the potential increases with an increase in 
pH and decreases with a decrease in pH. Ordi 
narily potential will not be adjusted by changing 
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the pH, though this means of adjustment is 
available if it is preferred to use some preselected 
ratio of MF to SnCla. 
The potential may be determined in any suit 

able manner as by connecting a potentiometer 
across a piece of tin metal and a calonel half 
cell in customary manner. The static solution 
potential of tin against the bath is then obtained 
as volts after corrections are made for the calo 
mel half cell. 
The bath temperature is that customarily 

used for tin-plating baths, and deposits are ob 
tained at room temperature. It is ordinarily 
preferred, however, to use the bath at a tempera 
ture from about 55 to 65° C. in order to secure 
the optimum quality of deposit over a broad cur 
rent density range. 

Bath X 

Grams per liter 
Stannous chloride ----------------------- 75.0 
Sodium fluoride ------------------------- 37.5 
Sodium bifluoride ------------------------ 37.5 
Organic addition agents may advantageously 

be employed in any of the foregoing baths to 
improve the appearance and characteristics of 
tin deposits. One or more organic addition 
agents may be used and there may be included 
in the bath, for instance, sulfite cellulose waste 
or a naphthol Sulfonic acid. Gelatin or glue 
Tmay be used to advantage for Some uses but it 
will be found that glue and certain other organic 
agents are not too satisfactory when the deposit 
is to be heat-fused or lacquer-baked. 
Metal brighteners may also be included in any 

of the foregoing baths and there may be used 
small amounts of a soluble compound of the triad 
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metals of the iron group including iron, cobalt, 
and nickel. There may, for instance, be used 
nickel chloride, nickel sulfate, or cobalt chloride, 
or cobalt sulfate, or iron chloride, or iron sulfate. 
The amount of the metal compound to use may 
readily be determined by a few simple tests and 
it will generally be found that from about 2 to 10 
grams per liter is suitable. While iron exercises 
a beneficial effect on brightness, it promotes 
oxidation of stannous tin and is for this reason 
undesirable. 
According to the present invention there is 

included in any tin electrodepositing bath, such 
as those shown above, a bath-soluble polyether 
containing a multiplicity of ether groups at 
tached to aliphatic carbon atoms. The presence 
of such a polyether profoundly modifies the 
character of deposit obtained from such a bath. 
The polyether may most conveniently be mar 

keted in tin-plating compositions which contain 
some or all of the materials to be dissolved in 
water to make a tin-plating bath. Thus they 
may be sold in mixtures with tin compounds and 
any of the other bath components or additions 
as above described. Maintenance compositions 
may similarly be compounded with a polyether 
and other materials required for bath mainte 
aCe 

As has been indicated the polyethers should be 
"bath-soluble.' That is, they must be soluble 
enough to permit them to exercise an effect in 
the bath. They should be hydrophilic and even 
if they are very difficultly soluble they may be 
added to a plating solution in a solvent or dis 
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persed in other manners already well known to 
the art. Some of these polyethers behave very 
peculiarly in the bath in that they form stable 
Suspensions which are effective. Apparently 5 
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there is enough “bath-solubility' for the agents 
to act. One very excellent agent, "Igepal C.' 
though it goes into solution very readily when 
simply added to the bath and is very effective 
therein, can nevertheless be separated from the 
bath by filtration. 
While any bath-soluble polyether may advan 

tageously be employed for the modification of 
tin deposits according to the present invention 
it is preferred to use compounds containing a 
n"ltiplicity of aliphatic ether groups. More Spe 
cifically it is preferred to use compounds which 
contain a multiplicity of alkyleneoxy groups, 
-(CH2) n-O-, the oxygen of which is attached 
to aliphatic carbon atoms. 
The structure of a preferred group of com 

pounds for use according to the invention may 
be represented as follows: 
1. R1 (Y) R4 

wherein R1 equals hydrogen, OH, or a monovalent 
organic radical, R4 equals hydrogen, OH, or a 
monovalent organic radical, and Y equals a poly 
ether group. 
More specifically R1 may be designated as hy 

drogen, OH, or a monovalent organic radical 
such as alkyl, alkoxy, aryl, aryloxy, aralkyl, alk 
aryl, acyl, amine, amido-, thioalkyl, and thioaryl. 
R4 may represent any of the groups just men 
tioned for R1. It may be the same as R. or it 
may be different in a given compound. In the 
formulas given hereafter an effort will be made 
to let the letters of the above and the following 
formulas represent the same substituent groups 
and throughout the application unerous ex 
amples will be given of groups which may be 
used in the above, formula or in any of the foll 
lowing. It is to be noted that in Formula 2 where 
R1 is followed by X and in other similar formulas 
R1 would obviously not have the value OH. 
The preferred polyethers are of tha class gen 

erally known as “polyalkylene oxides.' The for 
mulae for polyalkylene oxides may be shown thus: 

wherein X equals oxygen or NH, R1 equals hy 
drogen or a monovalent organic radical, R2 
equals a bivalent hydrocarbon radical, prefer 
ably -CH2- or -CH2CH-, R4 equals hydro 
gen, OH, or a monovalent organic radical, and 
wherein n is a whole number at least as great as 2. 

Illustrative compounds and methods for their 
preparation are shown in United States Patent 
1970,578 to Conrad Schoeller and Max Wittwer. 
In the Schoeller et al patent there are shown a 
large number of monovalent organic radicals 
which R1 and R4 in the above may represent. 
In the United States Patent 1970,578 Schoeller 

et al. suggest deriving the organic radicals from 
caproic acid, lauric acid, oleic acid, ricinoleic 
acid, naphthenic acid, and many others. It is 
also suggested that instead of acids the mono 
valent organic radical may be derived by use of 
hexyl, octyl, decyl. undecyl, or dodecwl alcohols, 
Water-insoluble alkyl, cycloalkyl, aralkyl or aryl 
ethers of different polyhydric alcohols as for 
example cresylic, phenylic, benzylic, cyclohexylic, 
and naphthylic ethers of glycol or . of glycerol. 
Again the patent suggests that there may be used 
amines such as decylainine, undecylamine, cetyl 
amine, and diphenylamine. 
The disclosure of the Schoeller et al. Patent. 

1970,578 gives numerous further examples of 
substituents and gives a large number of examples 
of materials suitable for use according to the pres 
ent invention. It'seems hardly necessary to re 
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peat the entire disclosure of this patent here and 
it seems sufficient simply to refer to the entire dis 
closure as representative of compositions suitable 
for the modification of tin electrodeposits accord 
ing to the present invention. 
Reference is similarly made to United States 

Patent 2,213,477, patented September 3, 1940, to 
Adolf Steindorff, Gerhard Balle, and Richard 
Michel. This patent also shows a large number 
of polyalkylene oxides which are suitable for 
the modification of tin electrodeposits according 
to the present invention. It will be seen that 
this patent shows a number of alkylene oxides 
substituted with an isocyclic hydrocarbon radical 
and with substituted isocyclic hydrocarbon rad 
icals. As typical radicals there may be mentioned 
normal butylphenol, isobutyl-Ortho-Cresol, iso 
butylphenol, and the like. . 
This patent particularly shows that alkylene 

oxides may be produced using such substituted 
isocyclic compounds as ethylene oxide, propylene 
oxide, butylene oxide, butylene dioxide, cyclo 
hexene oxide, glycide, epichlorhydrine, or the like. 

It is further to be observed that many of the 
polyalkylene oxides produced according to the 
Steindorff et al. Patent 2,213,477 are of unknown 
composition since they are prepared simply by 
reaction of alkylene Oxides with complex mate 
rials, the precise structure and composition of 
which is not known. This is true, by the way, 
of the compositions prepared under the Schoeller 
et al. Patent 1970,578 but in every instance the 
structures given probably are an accurate repre 
sentation of the formula and in any event the 
compounds may be called polyalkylene oxides. 
As to the Steindorff et al. Patent 2,213,477 it 

seems hardly necessary to repeat here all of the 
details of methods of preparation or to give all 
of the Specific compounds therein described since 
these are all suitable for use for the modification 
of tin deposits according to the present inven 
tion and it seems sufficient for present purposes 
to make reference to this patent. 
Another patent which shows polyalkylene ox 

ides suitable for use for the modification of tin 
electrodeposits is the John Burchill, Henry Al 
fred Piggot and George Stuart James White 
Patent 2,144,647, patented January 24, 1939. 
This patent shows a large number of illustrative 
compounds and reference is made therein to 
British Patent 346,550, British 432,356, British 
420,137, German 575,911, British 420,518, British 
380,431, and British 434,424 as well as numerous 
other similar references. As to the Burchill 
et al. U. S. patent and the patents therein cited 
it seems sufficient for the present purposes to 
point out that the compounds mentioned may be 
used according to the present invention and 
represent examples of illustrative polyalkylene 
oxides Suitable for the modification of tin de 
posits. Similarly there may be used the poly 
alkylene oxide polymers of U. S. Patents 1,921,378, 
1,922,459, 1,976,678, 2,059,273, 2,134,429, 2,134,430, 
2,167,073, 2,234,200, 2,275,378, and 2,275,379. 
A preferred class of materials for use accord 

ing to the present invention are the polyalkylene 
Oxides which do not have terminal substituents. 
While as above indicated these may be prepared 
using any alkylene oxide such as propylene oxide, 
butylene oxide, cyclohexene oxide, and styrene 
oxide it is preferred to use ethylene oxide. 
The polyalkylene oxides which do not have a 

terminal substituent may be prepared by methods 
similar to those referred to above and they may 
be made, for example, by heating the mono 

O 

5 

20 

25 

8 
meric oxide in the presence of a catalyst, if nec 
essary under pressure until a substantial pro 
portion of polymer is formed (see Staudinger, Die 
Hochmolekularen Organischen Verbindungen, 
1932, page 287, et seq.). The products, depend 
ing on their molecular weight, are solid, semi 
solid, or even fluid materials which are soluble 
in water. These products are generally be 
lieved to be composed of a plurality of al 
kylene groups linked together in linear config 
uration through ether, linkages, and to bear hy 
droxyl groups at the ends of the polymeric chain. 
Thus, a polyethylene oxide is represented by 
HO-(CH2CH2O-)nCH2CH2OH. (Staudinger, loc, 
cit.). These polymers are sometimes called poly 
ethylene, glycols. It is understood that these 
products are not intended to cover cyclic dimers 
of alkylene oxides such as dioxan. 
Commercially prepared polyalkylene oxides of 

the type just described are satisfactory for use 
for the modification of tin electrodeposits accord 
ing to the present invention, 
While any bath-soluble polyalkylene oxide 

may be employed for the modification of tin 
plating deposits it is preferred to use polymers 
having a molecular weight Over about 400. Poly 
mers with molecular weights of 400, 600, 800, 
1500, 4000, 5000, and 9000, for instance, have 
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given excellent results. 
For the calculation of the molecular weights, 

the following formula may be used: 

112,000 Molecular weight = Hydroxyl number 

wherein hydroxyl number has its usual meaning, 
i. e., the number of milligrams of potassium hy 
droxide necessary to neutralize the acetic acid 

45 

50 

obtained by the saponification of the acetylated 
compound from one gram of sample. The meth 
Od for determining hydroxyl number is described 
by Smith and Bryant in the Journal of the 
American Chemical Society, volume 57, page 61 
(1935), and by Smith, Eyant and Mitchell in 
the same journal, volume 62, page (1940). 
The above formula is derived from considera 
tion of the fact that 112,200 milligrams of potas 
sium hydroxide are equivalent to one gram mo 
lecular weight of dihydric alcohol. 

More specifically it has been found advan 
tageous to employ the polyethylene oxide of mo 
lecular weight approximately 1500 which is sold 
under the trade name 'CarboWax' 500. 

55 

60 

70 

75 

The amount of a polyether to employ for the 
modification of a tin electrodeposit and tin 
plating bath will depend upon the specific bath 
and upon the conditions of use and can best be 
determined in each particular instance by a few 
simple trials. It may be indicated that in gen 
eral about .001 to 25 grams per liter of a poly 
ether will be found to exercise a desirable modi 
fication of a tin-plating deposit. More specif 
cally with respect to the unsubstituted polyeth 
ylene Oxides it may be suggested that from about 
0.001 to 5 grams per liter will be satisfactory 
while more specifically from about 0.01 to 2 
grams per liter will be found satisfactory. 
As examples of substituents for polyalkylene 

Oxides the following may be tabulated: 
1. Monohydric alcohols-Genera, R-OH: 

Methyl alcohol 
Cetyl alcohol 
Octadecyl alcohol 
Phenyl ethyl alcohol 
Octadecenyl alcohol 
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Probable reaction: 

R-OE ...(non.) - R-00EOHO).H. 
O 

R{ooHOH)OH 
Examples of the procedure to be followed in 

preparing materials of this type are given in U. S. 
Patent 1922,459, Examples 1 and 2, and in U. S. 
Patent 1970,578, Example 19. 
The reaction of an alcohol with ethylene oxide 

is typical of the reactions taking place between 
ethylene oxide and various other organic sub 
stituents. If the two probable reactions shown 
above are written out instead of using "ne' to 
designate the repetitive ether groups, it will be 
seen that both of the above formulae are the 
S88 

2. Polyhydric alcohols-Genera R(OH)a: 
Ethylene glycol 
Sorbitol 
Pentaerythritol 

Probable reaction: 

a 3-on (non.) HOO-O-OH -- nVCHCH 
B E - 

omned 

3 
HOC-C-O-CHCHH 

or 

BICO (i.e.) som) 

la -- ( tion.) lear 
Excellent examples are given in U. S. Patent 

1922,459, Examples 1 and 2, of the procedure 
to be followed in preparing the condensation 
products of ethylene oxide with SOrbitol and 
pentaerythritol, i. 

3, Aldehydes-Genera, RCHO: 
Acetaldehyde 
Myristic aldehyde 
Benzaldehyde 
Phenyl acetaldehyde 

Probable reaction: 

R-CHO -- "(y") - R-COOOHCH09.OH 
O 

Hg-oCHCH09.H 

O 

R-COOCHOOH 
4. Acids-Genera, RCOOH: 

Acetic acid N 
Stearic acid 
Benzoic acid 
Undecylenic acid 

Probable reaction: 

r-cool (y) - Rooo(CHOHO).H 
O 

O 

RCO(OCH)OH 
5. Acids, polycarboxylic-Genera, R(COOH): 

Oxalic 
Maleic 
Phthalic 

Probable reaction: 

COOH in (CHCHO) coochschio).H 
R -- manum) R 

COOH in (OHCHO) Coo(CHCHo).H. 

10 
6. Acetals-Genera 

OR 

B-org 
5 OR 

Acetal 
Phenyl acetaldehyde dimethyl acetal 

Probable reaction: 

10 ( such ) . oR" + VCHCHso O(OHCH09.R.' 
R-C N -0 R-O 

OR Yor 
is of 

or (i.e. ) R-O O(CHOHO).R.' 
m) 

R-C -- rich, N - - -- 20 Yor ( BCE ) OCHCH09.R.' 
Methods for the preparation of polyglycol con 

densation products with acids and esters are 
given in U. S. Patent 1970,578, Examples 3, 18, 
and 22 respectively. The reaction with alde 
hydes probably proceeds by an esterification re 
action between equal molecular quantities of the 
aldehyde and ethylene oxide as follows: 

R-CHO -- OCHCH - RCOOCH 

The excess ethylene oxide will then react in the 
same manner as with other esters. 
The reaction between acetals and ethylene 

oxide may possibly proceed by one of the three 
methods shown, although this is purely a mat 
ter of conjecture, since no definite proof of a 
reaction of this type can be found in the lit 
erature. However, since a hemiacetal which 
contains an hydroxyl group will undoubtedly re 
act in the same manner as an alcohol, it can 
be assumed that the acetals will react in a sim 
ilar fashion. 
7. Phenols-Genera R-OH: 

Pheno 
45 Catecho 

Naphthol 
Cresol 

Probable reaction: A. 

50 R-OH - (y) - R-06CHCHO).H. 
O 

o 

R{OOH)OH 
55. A phenol may be defined as an alcohol in which 

the hydroxyl group (or groups) is attached to 
an aromatic ring. They are therefore related 
to aliphatic alcohols, undergoing many of the 
same reactions and will react with ethylene oxide 
in an analogous manner. 

60 Amines-Genera R-NHa: Ethylamine 
Antline . 

Probable reaction: 
65 E. 

R-N^ (i.e.) - R-NH(CH40).H. 
YH 

O 

70 KCHO).H B 

R-NC +. BCEO - R-N 
(CHO).H. 

An example of a method for condensing an 
amine with ethylene oxide is given in U. S. Patent 
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1970,578, Example 12 and in U. S. Patent 
2,059,273. \ 
9, Amides-Genera R CONEla: 

Formanide 
Benzanide 
Stearicanide 

Probable reaction: ----- i. 

ROONEI. (y") - Broo(CEO)NE, 

RCOOOH)NHe 
Since an amide is formed by the reaction of 

an organic acid with ammonia it may be consid 
ered as the amine ester of the organic acid and 
as such may be expected to follow the same 
general type of reaction as an ester. 
10, Ketones-Genera R COR: 

Acetone 
Methylethylketone 
Acetophenone 

Probable reaction: 
RCO R'-- "(y) - R.COCH.09R' 

v O . 

11. Unsaturated compounds containing an ethyl 
enic or acetylenic linkage. 

The invention is further illustrated by the foll 
lowing examples: 

Eacample 1 
G/l. 

Stannous sulfate (SnSO4) ----------------- 54 
Sulfuric acid -----------------eeeee-------- 00 
"Carbowax' 1500 -------------------------- 10 

O 

5 

20 

12 
of the bath was the same as before the addition 
of 'Carbows' 500. 

Eacample 4 
"Carbowax' 1500 was used in a tin-plating 

composition made according to the formula of 
Bath. W: 

f G/l. 
Sodium stannate (Na2SnOs3HaO).----------120 
Sodium hydroxide (NaOH) ---------------- 7.5 
Sodium acetate (NaCatsOa) --------------15.0 
Hydrogen peroxide (H2O2) ----------------- 0.5 
"CarboWax' 1500 -------------------------20 
Smooth, matte-white deposits of tin Were ob. 

tained from this bath over the entire area of a 
test plate made in the Hull cell which indicates 
a current density range of from 5 to 140 amps./sq. 
ft. The physical appearance of the bath remained 
the same as before its addition. 

Eacample 5 
"Carbowax' 1500 was used in a tin-plating 

solution made according to the formula of Bath W: 
G./l. 

Stannous chloride (SnCl2:2HaO) ---------- 30 
Sodium hydroxide (NaOH) --------------- 75 

: "CarboWax' 1500 -------------------------- 4.0 

35 

The soft white waxy polyethylene oxide sold 
commercially under the trade name of "Carbo 
wax' 1500 produced adherent sponge-free depos 
its of tin that were of a smooth matte-white 
texture over a plating range of from 5 to 100 

40 

amps./sq. ft. Its presence did not effect any 
noticeable physical change in the solution. 

Eacample 2 
A tin-plating bath according to the formula of 

Bath II was made as follows: 
G/l. 

Stannous sulfate (SnSO4) ----------------- 00 
Sulfuric acid (computed as HaSO4) --------- 30 
Tartaric acid ---------------------------- 30 
"Carbowax' 1500 -------------------------- 2.0 
The “Carbowax' 1500 in this bath produced de 

posits that were similar to those obtained from 
the bath of Example 1, effectively stopping the 
tendency to form sponge or crystalline deposits 
and producing an adherent, smooth white deposit 
over a wide current density range. The physical 
appearance of the bath remained 
before its addition. 

Eacample 3 
A tin-plating composition according to the 

formula of Bath II was made up as follows: 
G/. 

Stannous oxalate (SnC2O4) ---------------- 50 
Ammonium oxalate (NH4)2C2O4. HaO ------ 60 
Oxalic acid (H2C2O4) ---------------------. 5 
"Carbowat' 1500 -------------------------10 
White, lustrous, adherent deposits entirely free 

from sponge were obtained from 5 to 40 amps./sq. 
ft, and smooth, matte-white deposits from 40 to 
120 amps./sq. ft. by the presence of "Carbowax' 
500 in the above bath. The physical appearance 

the same as 

' 4.5 
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porous, non-adherent deposit of sponge tin. 

AHull cell test plate from this bath made before 
the addition of “Carbowax' 1500 proved to be by 
far the poorest deposit thus far obtained, the 
entire area of the plate being covered by a black, 

A. 
test plate made after the addition of "CarboWax' 
500 produced adherent deposits that were smooth 
and lustrous up to 40 amps./sq. ft., the deposition 
of sponge tin being almost entirely eliminated 
with the exception of a narrow zone above 100 
amps./sq. ft. The physical appearance of the 
bath was unchanged. 

Eacample 6 
"Carbowax"1500 was used in a tin-plating com 

position made according to the formula of 
Bath. W: 

Stannous chloride (SnCl2.H2O) dissolved 
in 10% phosphoric acid----------------- 50 

"Carbowax' 1500------------------------- 5.0 

The deposits obtained from this bath before 
adding "Carbowax' 1500 were very poorly ad 
herent and did not cover well at current densities 
below 30 amps./sq. ft. The presence of Carbo 
wax' 500 materially improved not only the ad 
herence and covering power but produced sponges 
free deposits of a pleasing matte-white texture. 
The appearance of the bath was unchanged. 

Eacample 7 

"Carbowax' 1500 was used in a tin-plating bath 
made according to the formula of Bath VII as 
follows: 

G./l. 
Stannous chloride (SnCl22H2O).---------- 95 
Hydrochloric acid (computed as HCl).---- 25 
"Carbowax' 1500------------------------- 5.0 
The deposits obtained from this bath before 

adding 'CarboWax' 1500 were similar to those of 
the preceding bath, producing deposits that were 
Crystalline, poorly adherent, and scantily covered 
at current densities below 30 amps./sq. ft. The 
addition of “Carbowax' 1500 eliminated the 
growth of tin crystals and produced adherent, 
Smooth, matte-white deposits above 15 amps./sq. 
ft. The appearance of the bath was unchanged. 
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Eacample 8 
W 

“Carbowax' 1500 was used in a tin-plating bath 
made according to the formula of Bath VIII, as 
follows: 

G/l. 
Stannous silicofluoride (SnSiF6)--------- 110 
Hydrofluoric acid (computed as FF).------ 25 
"Carbowax' 1500------------------------- 2.0 
The presence of "Carbowax' 1500 produced de 

posits that were adherent, sponge-free and had 
a pleasing matte-white texture. Its presence 
did not alter the physical appearance of the 
bath. 

Eacample 9 
"Carbowax' 1500 was used in a tin-plating bath 

made according to the formula of Bath IX as 
follows: 
Stannous sulfate (SnSO4).---------- -------45 
Sulfuric acid (66 Bé.)---------------------75 
"CarboWax" 1500------------------------- 2.0 

This bath is very similar to that described 
under Bath I and the effect of 'CarboWax' 1500 
is similar to the effect described under Example 
II, producing adherent, sponge-free deposits of a 
smooth, matte-white texture from a bath that 
otherwise, produced loosely Crystalline, non-ads 
herent deposits. Its presence in the bath did not 
alter the physical appearance. 

Eacample 10 
A preferred composition was prepared accord 

ing to the formula described under Bath X, as 
follows: 

Stannous chloride' (SnCl22HaO).----- g/l.-- 75 
Sodium fluoride (NaF)---------------g/l. 37.5 
Sodium bifluoride (NaHF)----------- g/l - 37.5 
"Carbowax' 1500 -------------------g/l.-- 0.2 
pH ------------------------------------- 2.5 
Potential ------------------------------ 0.472 

Unlike the previous acid baths, the acidity of 
this bath was much less and could be controlled 
by means of its hydrogen ion concentration or pH. 
The effect of "Carbowax' 1500 was likewise more 
pronounced, requiring a much smaller concen 
tration to produce optimum results and having a 
more beneficial action upon the character of de 
posits. Its presence produced deposits of tin that 
were smooth, lustrous and sponge-free over a 
current density range of from 3 to 120 amps./sq. 
ft. These deposits when heated, flowed to form 
a uniform, extremely bright surface. The 
physical apeparance of the bath was unaltered 
by the presence of this material. 

Eacample 11 
The foregoing examples from 1 to 10 inclusive 

were repeated using "Carbowax' 4000, a fairly 
hard, white, waxy substance in place of "Carbo 
wax' 500. The results were about the same, 
using the same amount of material as described 
in each of the above examples. 

Eacample 12 

“Igepal'C, and "Igepal" CTA are honey colored 
liquids and are thought to be polyethylene Oxides 
prepared in accordance with U. S. Patent 
2,213,477. Smooth, adherent, uniform deposits 
of a pleasing matte-white texture were obtained 
from Bath I, using 1.2 g/l. of either material, as 
compared to the coarsely crystalline non-ad 
herent deposits obtained in their absence. A 

O 
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small amount of foam was produced during eled 
trolysis when these materials were present. 

Eacample 13 
One gram per liter of "Igepal" C or CTA, in 

a solution prepared according to the formula of 
Bath. W produced adherent deposits that were 
Semi-bright at current densities of from 3 to 30 
ampS/sq. ft. and was also an effective anti-Sponge 
agent. The presence of this material produced 
a small amount of foam during passage of the 
Current. 

Eacample 14 
The presence of 0.2 g/l. of "Igepal'C or CTA 

in a bath made according to formula IX pro 
duced adherent, smooth, lustrous deposits over a 
current density range of from 3 to 120 amps/sq. ft. 
The increased throwing power obtained by use 
of this material was remarkable, producing de 
posits in very deep recesses. Fusion of the tin 
deposit resulted in an exceptionally Smooth and 
brilliant surface comparable to tin plate that has 
been 'hot dipped." Foaming was produced dura 
ing passage of the current when this material was 
present. 

Eacample 15 
The cream colored, pasty solid sold commer 

cially under the name of “Enulphor O or ON, 
was used to the extent of 0.1 to 5.0 g./l. in a solu 30 
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tion prepared as described under Bath I. Best 
results were obtained with 0.8 g./l., the deposits 
having a lustrous semi-bright appearance from 
3 to 120 amps/sk. ft. and were easily "flow 
brightened' by heating. This material is one of 
the most effective of the inventions as shown by 
this and other tests. A Small amount of foaming 
was noted during electrolysis. I believe the prod 
uct is a polyethylene oxide manufactured under 
U. S. Patent 1970,578 

Eacaple 16 
"Enulphor" ON was also used in the remain 

ing nine tin-plating baths as described previously 
and was found to produce excellent deposits when 
present to the extent of from 0.1 to 5.0 g./l. Par 
ticularly good results were obtained from Bath 
IV and Bath X, the deposits being uniformly lus 
trous and adherent over the entire area of a Hull 
cell test plate, which indicates a current density 
range of from 3 to 120 amps/sq. ft. or greater. 
The deposits obtained could be readily “flow 
brightened' by heating to the proper temperature 
and they closely resembled "hot dipped' tinplate 
in appearance. A Small amount of foaming was 
noted during electrolysis. 

Eacample 17 
"Peregal' O is a honey colored liquid that is 

believed to be a polyethylene oxide made in ac 
cordance with U. S. Patent 1,970,578. When 
added to a bath prepared as described under Bath 
I, the deposits were like those described under 
Example 15. The optimum quantity appeared to 
be 1.0 g./l., larger amounts than this affording no 
further improvement in the deposits. A small 
amount of foaming was noted during electrolysis 
of the Solution. 

Eacample 18 

“Peregal' O was also used in Baths II to X 
inclusive and was found to be as effective as 
"Emulphor' ON, when present to the extent of 
0.1 to 5.0 g/l., the amount required depending 
largely upon the type of tin bath used. As in Ex 
ample 16, particularly excellent results were ob 
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tained when this material was used in Bath IV 
and Bath X, the deposits being uniformly lus 
trous and adherent without sign of Sponging over 
the entire area of a Hull cell test plate. The de 
posits were easily "flow-brightened' by fusing at 
the proper temperature and closely resembled 
“hot dipped' tinplate in appearance. A small 
amount of foaming was noted during passage 
of the current. 

Eacample 19 
The brown gummy product obtained by react 

ing polyvinyl alcohol with ethylene. Oxide was 
readily soluble in water and was added in the 
form of its aqueous solution to the plating baths 
described under Baths I, IV, W, and X. Smooth, 
lustrous, uniform deposits, that were adherent 
and free from Sponge Were obtained from these 
baths by the presence of from 1.0 to 2.0 g/l. of 
the above product. A slight brown tinge and 
slight foaming were noted when this material was 
present, .. 

Eacample 20 
The white pasty semi-solid material obtained 

by reacting cetyl alcohol with ethylene oxide dis 

duced considerable foam when added to the plat 
ing baths, but produced semi-bright deposits up 
to 40 ampS/sq. ft. in Baths III and IX and semi 
bright deposits up to 80 ampS. per Sq. ft. in Bath 
X, the remainder of the deposits, being matte 
White in all cases. s 

Eacample 21 
The product formed by reacting phenol with 

ethylene oxide was an amber colored liquid that 
readily dissolved in the plating baths or in water. 
This material was particularly effective in pre 
venting the formation of sponge or crystalline 
deposits and was further effective in producing 
smooth, lustrous, adherent deposits from Sucin 
baths as I, IV, IX, and X. It was particularly 
effective in Bath X, the deposits obtained being 
semi-bright, lustrous and readily "flow-bright 
ened' by proper heating. 

Eacample 22 
A brown Syrupy liquid WaS obtained by reacting 
mol of beta-naphthol with 5 mols of ethylene 

oxide to form a product in which n=5 in the 
formula, 

CoHOCHH. 
This product produced a cloudy appearance and 
seemed to be somewhat insoluble when added to 
the baths described under baths III, IV, IX, and 
X. However, its effect was unimpaired by this 
apparent insolubility since the deposits obtained 
by the presence of from 0.2 to 2.0 g/l. were 
smooth, lustrous, adherent, and free from sponge, 
and could be readily "flow-brightened' to a bril 

10 
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and was in some respects better than "Emulphor" 
ON described in Examples 15 and 16 since it did 
not produce foam. . . ' 

Eacample 24 
Four different products were obtained by re 

acting Octadecyl alcohol with ethylene oxide in 
the ratio of 1:9.1, 1:11.6, 1:17, and 1:20 respec 
tively to form materials that were cream to light 
brown semi-solids in appearance. Since their 
effect was much the same they will be described 
jointly rather than separately. One or more of 
each product obtained was used in all ten of the 
plating baths described to produce deposits that 
were smooth and matte-white in Baths I, II, III, 
W, WI, WII, VIII, and IX, and deposits that were 

20 

smooth and lustrous in Baths IV and X. All four 
materials caused considerable foaming during 
electrolysis, the lowest ratio material being some 
what less soluble than the others as indicated 
by a cloudy appearance when added to the plat 

25 
solved quite readily in water and was added in 
the form of its aqueous Solution to the baths de 
scribed under III, IX and X. The material pro 

30 

35 

ing baths. -- 
Eacample 25 

The dark red liquid formed by reacting aniline 
and ethylene oxide was added to such baths as 
WII, IX, and X in amounts of from 0.2 to 5 g/l. 
in which it dissolved to form clear and colorless 
solutions. Its effect upon the deposits was not 
as great as some of the better examples, but 
nevertheless was sufficient to produce adherent 
matte-white deposits and greatly retarded the 
formation of sponge during electrolysis. 

Eacample 26 
The product obtained by reacting tannic acid 

and ethylene oxide in accordance with the teach 
ings of U. S. Patent 2,167,073 when present in such 
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liant mirror-like Surface. 
Eacample 23 

A modification of the product described above 
was obtained by reacting 1 no of beta-naphthol 
with 15 mols of ethlyene oxide to form a product 
having the same physical appearance as above. 
In this case in would equal 15 in the formula of 
Example 22. Its solubility was much greater, 
however, since it dissolved without trace of cloudi 
ness when added to Baths II, IV, IX, and X. 
The effect upon the deposits was likewise some 
what improved over the material of Example 22 

65 

O 

75 

baths as I and X to the extent of from 0.1 to 
10 g./l., produces smooth white adherent deposits 
rom Bath I and smooth lustrous deposits from 
Bath X. 

Eacample 27 

The colorless liquid obtained by reacting pro 
pylene oxide with octadecenyl alcohol and which 
Would probably conform to the formula: 

Cish so ACHCH,0\,H 

was used in such baths as IV and X in amounts 
of from 0.1 to 3.0 grams per liter. It was found 
to be somewhat insoluble since oily droplets were 
Seen floating upon the surface of the baths upon 
its addition. However, sufficient material was dis 
Solved to be effective since the deposits obtained 
were Smooth and lustrous over a wide area of a 
Hull cell test plate, the adherence and covering 
power being noticeably improved by its presence. 

Eacample 28 
Polyethylene glycol 400, 

HO(CH-CH2O).H 
is predominantly nonaethylene glycol in which 
12-9, although Small amounts of higher and 
lower glycols are also present. It is a water 
white liquid having an effect similar to the effect 
of “Carbowax' 1500 and 4000 when used in sufi 
ciently large quantities, which is approximately 
ten times the quantity of “Carbowax' 4000, so 
that to obtain best results it is necessary to add 
from 1 to 20 g./l. of this material, depending upon 
the characteristics of the individual plating baths. 

Eacample 29 

The materials known as "Tweens" are exam 
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ples of polyoxyalkylene derivatives of hexitol 
anhydride partial long chain fatty acid esters 
whose starting materials are the hexahydric 
alcohols, mannitol and sorbitol. They are usual 
ly amber colored liquids or solids easily soluble 
in water and having a profound effect upon the 
type of deposit obtained from the various tin 
plating baths. When present to the extent of 
from 0.1 to 5.0 g/l. in Baths I to X, inclusive, the 
deposits obtainable are modified to such an ex 
tent as to permit the deposition of smooth, white, 
adherent deposits. They are particularly bene 
ficial in bath X from which smooth, lustrous, 
adherent, Sponge-free deposits may be obtained 
by the presence of 0.4 gl. The Tweens used in 
cluded those designated 20, 40, 60, 61, 80, 81, 
and 85. 

I claim: . 
1. In a process for the electrodeposition of tin 

the step comprising effecting electrodeposition 
from an aqueous, tin-plating bath which contains 
a Soluble tin compound, the process comprising 
effecting electrodeposition in the presence of , 
0.001 to 25 grams per liter of a bath soluble poly 
alkylene, oxide of molecular weight over 400 as an 
addition agent. 

2. In a process for the electrodeposition of tin 
the step. comprising effecting electrodeposition 
from an aqueous, tin-plating bath which con 
tains a soluble tin compound, the process com 
prising effecting electrodeposition in the pres 
ence of 0.001 to 25 grams per liter of a bath-solu 
ble polyalkylene oxide terminally substituted 
with a monovalent organic radical and having 
a molecular weight over 400 as an addition agent. 

3. In a process for the electrodeposition of tin 
the step comprising effecting electrodeposition 
from an aqueous, tin-plating bath which con 
tains a soluble tin compound, the process com 
prising effecting electrodeposition in the pres 
ence of 0.001 to 25 grams per liter of a bath-solu 
ble polyalkylene oxide terminally substituted 
with a monovalent aliphatic radical and having 
a molecular weight over 400 as an addition agent. 

4. In a process for the electrodeposition of tin 
the step comprising effecting electrodeposition 
from an aqueous, tin-plating bath which con 
tains a soluble tin compound, the process com 
prising effecting electrodeposition in the pres 
ence of 0.001 to 25 grams per liter of a bath-solu 
ble polyalkylene oxide terminally substituted 
with a substituted isocyclic radical and having 
a molecular weight over 400 as an addition agent. 

5. In a process for the electrodeposition of tin 
the step comprising effecting electrodeposition 
from an aqueous, tin-plating bath which con 
tains a soluble tin compound, the process com 
prising effecting electrodeposition in the pres 
ence of 0.001 to 25 grams per liter of a bath solu 
ble polyethylene oxide terminally substituted 
with a monovalent organic radical and having 
a molecular weight over 400 as an addition agent. 

6. In a process for the electrodeposition of tin 
the step comprising effecting electrodeposition 
from an aqueous, tin-plating bath which con 
tains a Soluble tin compound, the process com 
prising effecting electrodeposition in the pres 
ence of 0.001 to 25 grams per liter of a bath-solu 
ble polyethylene oxide which is terminally 
substituted with a monovalent aliphatic redical 
and having a molecular weight over 400 as an 
addition agent. 

7. In a process for the electrodeposition of tin 
the step comprising effecting electrodeposition 
from an aqueous, tin-plating bath which con 

18 
tains a soluble tin compound, the process coma 
prising effecting electrodeposition in the pres 
ence of 0.001 to 25 grams per liter of a bath-solu 
ble polyethylene oxide terminally substituted 
with a substituted isocyclic radical and having a 
molecular weight over 400 as an addition agent. 
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8. In a process for the electrodeposition of tin 
the step comprising effecting electrodeposition 
from an aqueous bath which contains an alkali 
fuoride, stannous chloride, and 0.001 to 25 grams 
per liter of a bath-soluble polyalkylene Oxide of 
a molecular weight over 400 as an addition agent, 
the composition having a stannous chloride con 
centration of between about 37.5 and 150 grams 
per liter and the bath satisfying the equation: 

k(molis MF) pH-?oi, so 
wherein the following conditions are simulta 
neously true; pH is equal to about 1 to 5, c has a 
value from 0.1 to 1.0, MF is alkali fluoride, and 
the mol ratio MF/SnCl2 is about from 2 to 12, 
the static Solution of tin in the bath being equal 
in volts to from 

-0.055 pH -0.265 to -0.055 pH -0.370. 
9. In a process for the electrodeposition of 

tin the step comprising effecting electrodeposi 
tion from an aqueous bath which contains an 
alkali fluoride, stannous chloride, and 0.001 to 
25 grams per liter of a bath-soluble polyethylene 
oxide Substituted with a monovalent organic 
radical and having a molecular weight over 400 
as an addition agent, the composition having a 
Stannous chloride concentration of between about 
37.5 and 150 grams per liter and the bath satis 
fying the equation: 

k(molis MF) 
mols SnCl, 

wherein the following conditions are simul 
taneously true; pH is equal to about 1 to 5, k has 

pH 

a value from 0.1 to 1.0, MF is alkali fluoride, and 
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the mol ratio MF/SnCl2 is about from 2 to 12, 
the static solution potential of tin in the bath 
being equal in volts to from -0.055 pH -0.265 to 
-0.055 pH -0.370. 

10. A tin electrodepositing composition com 
prising an alkali fluoride, stannous chloride, and 
0.001 to 25 grams per liter of a bath-soluble poly 
alkylene oxide of a molecular weight over 400 as 
an addition agent, the composition upon being 
dissolved in water being adapted to give a stan 
nous chloride concentration of between about 
37.5 and 150 grams per liter and satisfying the 
equation: 

k(mols MF) 
Tmols SnCl, 

wherein the following conditions are simul 
taneously true; the pH is equal to about 1 to 5, ic 
has a value from 0.1 to 1.0, MF is alkali fiuoride, 
and the mol ratio MF/SnCl2 is about from 2 to 
12, the static solution potential of tin in the bath 
being equal in volts to from -0.055 pH -0.265 to 
-0.055 pH -0.370. 

11. A tin electrodepositing composition com 
prising an alakali fluoride, stannous chloride, and 
0.001 to 25 grams per liter of a bath-soluble poly 
ethylene oxide terminally substituted with a 
monovalent organic radical and having a molec 
ular weight over 400 as an addition agent, the 
composition upon being dissolved in water being 
adapted to give a stannous chloride concentration 
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of between about 37.5 and 150 grams per liter and 
satisfying the equation: 

k(molis MF) 
pH = mols SnCla 

wherein the following conditions are simultane 
ously true; the pH is equal to about 1 to 5, k has 
a value from 0.1 to 1.0, MF is alkali fluoride, and 
the mol ratio MF/SnCl2 is about from 2 to 12, 
the static solution potential of tin in the bath 
being equal in volts to from -0.055 pH -0.265 to 
-0.055 pH -0.370. 

12. An aqueous, tin electrodepositing bath con 
taining a soluble tin compound and 0.001 to 25 
grams per liter of a bath-soluble polyalkylene 
oxide of a molecular weight over 400 as an addi 
tion agent. 

13. An aqueous, tin electrodepositing bath con 
taining a solubietin compound and 0.001 to 25 
grams per liter of a bath-soluble polyethylene 
oxide terminally substituted with a monovalent 
organic radical and having a molecular weight 
Over 400 as an addition agent. 

14. A tin electrodepositing bath comprising an 
aqueous solution of an alkali fluoride, stannous 
chloride, and 0.001 to 25 grams per liter of a bath 
soluble polyalkylene oxide of a molecular weight 
over 400 as an addition agent, the stannous chlo 
ride concentration being between about 37.5 and 
150 grams per liter and the bath satisfying the 
equation: 

Hk(mols MF) 
Tmolis SnCl 

wherein the following conditions are simultane 
ously true; the pH is equal to about 1 to 5, k has 
a value from 0.1 to 1.0, MF is alkali fluoride, and 
the mol ratio MF/SnCl2 is about from 2 to 12, 
the static Solution potential of tin in the bath 
being equal in volts to from -0.055 pH -0.265 to 
-0.055 pH -0.370. 

15. In a process for the electrodeposition of 
tin the step, comprising effecting electrodeposi 
tion from an aqueous, tin-plating bath which 
contains a soluble tin compound, the process 
comprising ... effecting electrodeposition in the 
presence of 0.00 to 25 grams per liter of a bath 
soluble, unsubstituted polyethylene oxide having 
a molecular Weight over 400 as an addition 
agent. 

16. In a process for the electrodeposition of 
tin the step comprising effecting electrodeposi 
tion from an aqueous bath which contains an 
alkali fluoride, stannous chloride, and 0.001 to 
25 grams per liter of a bath-soluble, unsubsti 
tuted polyethylene Oxide having a molecular 
Weight Over 400 as an addition agent, the com 
position having a stannous chloride concentra 
tion of between about 37.5 and 150 grams per 
liter and the bath satisfying the equation: 

Lk (molis MF) 
Tmols SnCl 

wherein the following conditions are simultane 
Ously true: pH is equal to about 1 to 5, k has a 
value from 0.1 to 1.0, MF is alkali fluoride, and 
the mol ratio MF/SnCl2 is about from 2 to 12, 

- the static Solution potential of tin in the bath 
being equal in volts to from -0.055 pH -0.265 . 
to -0.055 pH -0.370. 

17. In a process for the electrodeposition of 
tin the step comprising effecting electrodeposi 
tion from an aqueous bath which contains an 
alkali fluoride, stannous chloride, and 0.01 to 
2 grams per liter of a bath-soluble, unsubstituted 
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20 
polyethylene oxide having a molecular weight 
over 400 as an addition agent, the composition 
having a stannous chloride concentration of be 
tween about 37.5 and 150 grams per liter and 
the bath Satisfying the equation: 

k(molis MF) 
mols SnCl, 

Wherein the following conditions are simultane 
ously true: pH is equal to about 1 to 5, k has 
a value from 0.1 to 1.0, MF is alkali fluoride, 
and the mol ratio MF/SnCl2 is about from 
2 to 12, the static solution potential of tin 
in the bath being equal in volts to from 
-0.055 pH -0.265 to -0.055 pH-0.370. 

18. An aqueous, tin electrodepositing bath con 
taining a soluble tin compound and 0.001 to 
25 grams per liter of a bath-soluble, unsubstituted 
polyethylene oxide having a molecular weight 
Over 400 as an addition agent. 

19. A tin electrodepositing bath comprising an 
aqueous Solution of an alkali fluoride, stannous 
chloride, and 0.001 to 25 grams per liter of a 
bath-Soluble, unsubstituted polyethylene oxide 
of a molecular weight over 400 as an addition 
agent, the Stannous chloride concentration be 
ing between about 37.5 and 150 grams per liter 
and the bath satisfying the equation: 

pH k(molis MF) 
mois SnCl 

wherein the following conditions are simultane 
ously true: the pH is equal to about i to 5, k 
has a value from 0.1 to 1.0, MF is alkali 
fluoride, and the mol ratio MF/SnCl2 is about 
from 2 to 12, the static solution potential 
of tin in the bath being equal in volts to from 
-0.055 pH -0.265 to -0.055 pH -0.370. 

20. In a process for the electrodeposition of 
tin the step Comprising effecting electrodeposi 
tion from an aqueous, tin-plating bath which 
contains: a soluble tin compound, the process 
Comprising effecting electrodeposition in the 
presence of 0.001 to 25 grams per liter of a bath 
Soluble, unsubstituted polyethylene oxide having 
a molecular weight between 1500 and 9000 as an 
addition agent. 

21. In a process for the electrodeposition of 
tin the step Comprising effecting electrodeposition 
from an aqueous bath which contains an alkali 
fluoride, stannous chloride, and 0.001 to 25 grams 
per liter of a bath-soluble, unsubstituted poly 
ethylene oxide having a molecular weight be 
tween 1500 and 9000 as an addition agent, the 
Composition having a stannous chloride concen 
tration of between about 37.5 and 150 grams per 
liter and the bath satisfying the equation: 

H k(molis MF) 
Tmolis SnCl 

wherein the following conditions are simultane 
ously true: pH is equal to about 1 to 5, k has a 
value from 0.1 to 1.0, MF is alkali fluoride, and 
the mol ratio MF/SnCl2 is about from 2 to 12, the 
static solution potential of tin in the bath being. 
equal in Wolts to from -0.055 pH -0.265 to 
-0.055 pH -0.370. 

22. An aqueous, tin electrodepositing bath 
containing a soluble tin compound and 0.001 to 
25 grams per liter of a bath-soluble, unsubstituted 
polyethylene oxide having a molecular weight 
between 1500 and 9000 as an addition agent. 

23. A tin electrodepositing bath comprising an 
aqueous Solution of an alkali fluoride, stannous 
chloride, and 0.001 to 25 grams per liter of a 
bath-Soluble, unsubstituted polyethylene oxide of 
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a molecular weight between 1500 and 9000 as 
an addition agent, the stannous chloride con 
centration being between about 37.5 and 150 
grams per liter and the bath satisfying the equa 
tion: 

Hk(mols MF) 
Tmolis SnCl 

wherein the following conditions are simultane 
ously true; the pH is equal to about 1 to 5, k has a 
value from 0.1 to 1.0, MF is alkali fluoride, and 
the moi ratio MF/SnCl2 is about from 2 to 12, the 
static solution potential of tin in the bath being 
equal in volts to from -0.055 pH -0.265 to 
-0.055 pH -0.370. 

RAYMOND A. HOFFMAN. 
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