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[57] ABSTRACT 

An improved process for the application of a decom 
position catalytic compound to a substrate, in air, 
prior to electrolessly aluminum plating the substrate 
by decomposing an aluminum hydride. A cyclic sulfo 
nium zwitterion, a decomposition catalyst and a mu 
tual solvent therefore are admixed; applied to a sub 
strate and polymerized prior to application of the alu 
minum plate. 

18 Claims, No Drawings 
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tCYClLlIC SIJILFONIUM ZWITTERION-TITANIUM 
CATALYSTS FOR ALUMINIUM PLATING PROCESS 

BACKGROUND OF THE INVENTION 

This invention relates to a nonelectrolytic process for 
the plating of aluminum on various substrates and more 
particularly relates to improved catalysis in a relatively 
low temperature process for the plating of metallic alu 
minum from an aluminum hydride. 

Metallic aluminum has been plated from aluminum 
hydrides by contacting such hydrides with a substrate 
at or above the decomposition temperature of the alu 
minum hydride. It is also known that aluminum hy 
drides may be used to produce plating of metallic alu 
minum at temperatures substantially below the usual 
decomposition temperature of such hydrides by con 
tacting the hydride with certain transistion metal de 
composition catalytic compounds. Useful catalytic 
compounds have been found to be selected from com 
pounds of the metals titanium, zirconium, hafnium, va 
nadium, niobium and tantalum. 
Generally, the entire aluminum plating process has 

been conducted in a substantially anhydrous, inert at 
mosphere due to the sensitivity of most aluminum hy 
drides to the presence of moist air. Also it has been 
found that certain of the decomposition catalysts rap 
idly become less effective when catalysis is carried out 
in atmospheric air rather than in a dry inert atmo 
sphere. It would be desirable to catalyze a substrate 
under normal atmospheric conditions, relative to air 
and humidity, without inhibiting the catalyst’s effi 
ciency. 

It is an object of this invention to provide a method 
of catalyzing a substrate in air in a process for electro 
lessly aluminum plating from an aluminum hydride. 

It is another object of this invention to provide a 
method of catalyzing substrates in air whereby the cata 
lyzed substrate is storable in air and the catalytic com 
pound remains suitable to lower the decomposition 
temperature of an aluminum hydride for a longer time 
period than was heretofore possible. 
Other objects and advantages of this invention will 

become apparent during the course of the following de 
scription. 

SUMMARY OF THE INVENTION 

An improved process for the plating of aluminum 
onto a solid substrate has been developed which per 
mits the catalyzation of the substrate in air and then 
electroless deposition of aluminum onto the substrate 
by contacting the catalyzed surface with an aluminum 
hydride. The catalytic compound on the surface effec 
tively reduces the decomposition temperature of the 
aluminum hydride. Suitable transition metals useful in 
the catalytic compounds of the described process are 
titanium, zirconium, hafnium, vanadium, niobium, tan~ 
talum and mixtures thereof. Preferably the metals are 
titanium, zirconium, vanadium and niobium; more 
preferably the metal is titanium. 
The improvement comprises contacting the substrate 

with a mixture of the decomposition catalytic com 
pound; a thermally polymerizable monomer consisting 
of at least cyclic sulfonium zwitterion of the formula: 
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where R is Cl, Br, or C1-C4 alkyl and a is 0-2, each tet 
ramethylenesulfonium group is ortho or para to the 
phenoxide group, and Z is a bridging group of the for 
mula: 

a. —O(C,,,I-I2,,,)O-- where m is 1-6 and E(x+y) = 
O-l, or 

b. --CH-,,l3 where Z(x+y) = 0-4; 
and a mutual solvent for the cyclic sulfonium zwitterion 
and the catalytic compound. The monomer in contact 
with the substrate is then polymerized to form, upon 
drying, a water insoluble polymer-oxygen stable de 
composition catalyst coating on the substrate. 
The so-catalyzed substrate is then plated with alumi 

num by contacting at least a portion of the catalyzed 
surface with an aluminum hydride and decomposing 
the hydride in contact with the catalyzed surface. This 
portion of the process is substantially as described in 
Schmidt et al., US. Pat. No. 3,462,288. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The cyclic sulfonium zwitterions (CSZ) of Formula 
I. can be blended with decomposition catalytic com 
pounds in a mutual solvent for the CSZ monomer and 
catalytic compound at an alkaline pH, preferably about 
9.5 to about 11.5, to give stable coating compositions 
without coagulation or agglomerization. Furthermore, 
not only are these CSZ compatible with the catalytic 
compound, but upon curing these compositions form 
clear, durable films and coatings with the catalyst dis 
persed throughout the polymer matrix. Such CSZ 
monomers can be prepared as described in Hatch et al. 
US. Pat. No. 3,636,052, US. Pat. No. 3,660,431 and 
Hatch et al. Belgium Pat. No. 757,583 by reaction of 
a phenol with a polymethylene sulfoxide and then with 
base. Although these CSZ monomers are very soluble 
in polar hydroxylic solvents such as C1-C3 alcohols, 
they thermally polymerize to give condensation poly 
mers with exceptional water and solvent resistance. 
Thus excellent coatings with high solvent resistance are 
obtained by homopolymerization of a cross-linking 
CSZ monomer having about 1.2-2.5 sulfonium groups 
per molecule (SEB/mer) or by coipolymerizing such a 
monomer with a chain extending CSZ monomer, the 
mixed monomers having an average of about l.2—2.5 
S lmer. 

Particularly suitable herein are the chainextending 
monotetramethylenesulfonium zwitterion monomers of 
phenol (IA), tetrahydro-l-(4—hydroxy-3 
methylphenyl) thiophenium hydroxide, inner salt ([8), 
and 2,6-dichlorophenol (IC) and the cross-linking 
polytetramethylenesulfonium zwitterion monomers of 
bis(nesorcinol) polymethylene ether (ID) and phenol 
formaldehyde novolac resins (IE); 



3,836,385 

ID 

IE 

Preferred cross-linking monomers are the bisresorcinol 
di-, tri-, and tetramethylene ether sulfonium zwitterions 
(D: m = 24) and the cyclic zwitterion monomers of 
a water soluble novolac resin having an average degree 
of polymerization of about 2-5 and about 1.5-3.0 
Sea/mer (IE: E(x+y) = 1-4, y = 0.5-2.0). 
The cross-linking monomers ID and IE homopolym 

erize to give smooth hard coatings with excellent adhe 
sion to solid surfaces and high resistance to strong acids 
and bases, boiling water, and common organic solvents. 
Copolymers of the chain-extending and cross-linking 
CSZ monomers also give smooth hard coatings with the 
solvent resistance increasing with increasing propor 
tion of the cross-linking monomer. 
The aforedescribed decomposition catalytic com 

pounds are beneficially employed in this process. For 
example, such ‘compounds as NbCl5, TiCl4'2[(C2H5. 
)zO], TiCl4, TiBr4, Til4, Ti(OC2H5)2Cl2, TiClz, 
(FOCaHm, TiCl2‘2[(CzH5)20], Ti(BH4)a'2[(C2H5 
)ZO] are effective catalytic compounds. Some of the 
transition metal catalysts defined herein have a more 
pronounced effect than others in lowering the decom 
position temperature of the aluminum hydride. The 
chlorides, bromides and iodides of titanium and nio 
bium generally seem to be more effective than the 
other named transition metals and TiCl4 has been 
found to be particularly effective in achieving a lower 
decomposition temperature of the aluminum hydrides 
and plating of the aluminum thus produced. If the de 
fined catalysts are not employed, undesirable high tem 
peratures are required to produce decomposition of the 
aluminum hydride. 
Various solvents for the CS2 monomer and the de 

composition catalysts can be used herein. Suitable sol 
vents include and can be selected from, for example, 
aliphatic and alicyclic alcohols containing from about 
one to about nine carbon atoms such as methanol, eth 
anol, n-propanol, n-butanol, n-pentanol, n-hexanol, n 
heptanol, n-octanol, n-nonanol, isopropanol, isobuta 
nol, 2-methyl-2-butanol, cyclobutylmethanol, cyclo 
pentanol, cyclohexanol Z-phenylethanol, ethylene gly 
col and propylene glycol; and glycol ethers such as 
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4 
propylene glycol methyl ether, ethylene glycol methyl 
ether, ethylene glycol ethyl ether, ethylene glycol n 
butyl ether, dipropylene glycol methyl ether, diethyl 
ene glycol methyl ether, diethylene glycol ethyl ether, 
diethylene glycol n-butyl ether, tripropylene glycol 
methyl ether, propylene glycol phenyl ether and ethyl~ 
ene glycol phenyl ether. The solutes are preferably sol 
uble in the selected solvent to the extent of at least 
about 5 weight per cent and more preferably at least 
about 30 weight per cent of the CSZ monomer and at 
least about one-tenth weight per cent and more prefer 
ably at least about 1 ‘A weight per cent ofthe decompo 
sition catalytic compound at 25°C. All weight per cent 
values herein are based on the total solution weight un 
less otherwise speci?ed. 

In practice, the CS2 monomer and the decomposi 
tion catalytic compound are mixed with and at least 
partially dissolved in the solvent. it is highly preferably 
that the CS2 monomer, decomposition catalytic com 
pound and the solvent form a solution; that is, substan 
tially' all of the solute dissolves in the solvent to form a 
substantially homogenous mixture. Mixing of the vari 
ous components can be carried out simultaneously or 
in any order by common means known to those skilled 
in the art. The solution contains sufficient solute to 
form a catalytic coating on a substrate; such solution 
desirably contains about 0.05 to about 10 weight per 
cent of the catalytic compound and about one-half to 
about 70 weight per cent of the CSZ monomer. More 
desirably the solution contains about one-half to about 
5 weight per cent of the decomposition catalyst and 
about 20 to about 45 weight per cent of the CS2 mono 
mer. 

Conveniently the monomer-decomposition catalyst 
solution can be prepared by, for example, gradually 
adding the catalyst to a monomer-solvent solution and 
simultaneously stirring the solution. If desired the cata 
lyst can first be dissolved in the solvent and then added 
to the monomer-solvent solution. Preferably such cata 
lyst dissolution is at least initiated at temperatures ap 
proximately 80°C. below zero. The technique and 
equipment used to prepare the monomer-catalyst 
solvent solution is not critical and is readily carried out 
by those skilled in the art. 

Substantially any normally solid material, at least 
partially wetted by the described mixture, is suitable as 
a substrate herein. For example, metals such as iron, 
magnesium, brass and copper, polymers such as poly 
ole?ns, polyamides and polymeric ?uorocarbons, glass, 
paper, cloth, carbon and graphite, wood, ceramics and 
the like are all plated with aluminum by the process of 
this invention. The described catalytic compound con 
taining solution can be applied to the solid substrate by 
various means such as brushing, dipping, spraying, roll 
coating, swabbing and the like. The amount of the cata 
lytic compound applied to the substrate can be closely 
controlled by varying either the thickness of the solu 
tion coating applied to the substrate or the concentra 
tion of the catalyst in such solution. 
The coated substrate is then heated to about 40°C. to 

about 200°C, and preferably about 90°C. to about 
150°C, to volatilize the solvent and convert the mono 
mer irreversibly into the water and solvent resistant 
coating containing the decomposition catalytic com 
pound. The temperature is suitably selected to poly 
merize the monomer and not to deleteriously effect the 
desired properties of the substrate. Such heating can be 
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carried out using commercially available equipment. A 
controlled inert atmosphere during such heating is sat 
isfactory, but is not required. 
The catalyst-polymer coated substrate can be stored 

in air, without requiring control of the oxygen or mois 
ture content thereof, and still retain an effective de 
composition catalytic compound. Preferably the alumi 
num plate is deposited within about one day and more 
preferably within about 4 days after polymerization of 
the monomer on the substrate surface. 
The following examples will further illustrate the pro 

cess of the present invention. 
A CSZ of Formula I is prepared as follows: a solution 

of 38.5 parts (0.15 mole) biscatechol trimethylene 
ether and 34.4 parts (0.33 mole) tetrahydrothiophene 
oxide in about 160 parts methanol is treated at 0°C. 
with anhydrous HCl. A solid bissulfonium chloride is 
recovered, dissolved in methanol and slurried with a 
strong base anion-exchange resin in hydroxide form to 
give a cyclic sulfonium zwitterionic monomer (ID, in = 
3). The CSZ monomer is isolated or used as a methanol 
solution. In aqueous solution the pH is about 
l0.S-l 1.5. 
Other CSZ monomers of Formula 1 are prepared sim 

ilarly from phenol, bisresorcinol ethers, and phenol 
formaldehyde novolac resins. 

EXAMPLE 1 

A methanol solution containing 53 weight per cent of 
the CSZ l,1’-[ethylenebis{oxy(4—hydroxy-o-phenyl 
ene)})bis(tetrahydrothiophenium hydroxide)bis (inner 
salt) with_the formula:__~_ 

(I36 (‘,6 

. 004E940 
/%e ‘as’ l l 

and 1 ‘7% weight per cent TiCl4 was prepared by mixing 
the desired proportions of a methanol-monomer solu 
tion with a TiCl4-methanol solution. The monomer 
TiCl, solution was then applied to a portion of one sur 
face ofa 4 mil thick Mylar film using a wire wound rod 
to spread the CSZ monomer-catalyst-methanol solu 
tion over the surface. The catalyzed film was heated at 
85°C. for 5 minutes to polymerize the CSZ monomer. 
An adherent, water and solvent insoluble polymer with 
the TiCl, catalyst dissolved therein was obtained. The 
so catalyzed substrate remained in the laboratory air 
atmosphere for about 5 minutes before being placed in 
a dry nitrogen atmosphere, immersed in an 0.3 molar 
aluminum hydride-diethyl ether solution and dried. 
When the aluminum hydride in contact with the sub 
strate was heated to 100°C. for about 5 minutes a deco 
rative, specular, aluminum plate was deposited only on 
that portion of the Mylar film treated with the CSZ 
monomerTiClq-methanol solution. 

5 

6 
EXAMPLE 2 

Sufficient TiCl, was slowly admixed with a methanol 
solution containing 40 weight percent solute to form a 
final solution containing about 2 ‘A weight per cent 
TiCl4. The solute consisted of 90 weight per cent of 
vl,1’-[ethylenebis{oxy(4-hydroxy-o-phenylene)l] 
bis(tetrahydrothiophenium hydroxide)bis(inner salt) 
and 10 weight per cent tetrahydro-l-(4-hydroxy-3 

0 methylphenyl) thiophenium hydroxide, inner salt. The 
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final solution was first applied to a 3 mil thick Mylar 
film using a wire wound rod and then polymerized in air 
for one minute at 104°C. The polymerized-catalyzed 
surface was placed in a dry nitrogen environment and 
partially submerged in a 0.5 molar AlHa-ether solution, 
removed from the hydride solution and developed at 
140°C. i.e., the All-l3 decomposed to aluminum. An ad 
herent aluminum plate was obtained on the AlHa con 
tacted, catalyzed portion of the substrate. 

EXAMPLE 3 

A Mylar film was treated substantially as described in 
Example 2, including an added exposure to a tempera 
ture of 140°C. for 10 seconds prior to contacting the 
polymerized surface with the hydride. An adherent alu 
minum plate was produced. 

EXAMPLE 4 

A methanol solution containing 1 l/2 weight per cent 
TiCl4 and 37.4 weight per cent of l.1’-[ethylenebis 
{oxy(4~hydroxy-o-phenylene)}]bis(tetrahydrothio 
phenium hydroxide)bis(inner salt) was prepared and 
applied to a 3 mil thick Mylar substrate, polymerized 
at 104°C. and aluminum plated as described in Ex 
ample 2. An adherent aluminum coat was developed 
on the A1113 contacted. polymerized portion of the 
substrate. 

EXAMPLE 5 

Contacting the catalyzed substrate of Example 4 with 
a 0.25 molar solution of AlHa in ether and developing 
the hydride at 140°C. provided an aluminum plate on 
the AlH3 contacted, catalyzed portion of the substrate. 

EXAMPLES 6 and 7 

Separate Mylar substrates were treated substantially 
as described in Examples 4 and 5, including an added 
exposure to temperature of 140°C. for 10 seconds prior 
to contacting the polymerized surface with the hydride. 
The aluminum plate deposited upon the catalyzed sur 
face visually appeared improved over that deposited in 
Examples 4 and 5. 

EXAMPLE 8 

A 3 mil Mylar film was coated, as in Example 4, with 
the methanol solution containing about 63 weight per 
cent zwitterion. Polymerizing and decomposition of the 
aluminum hydride were carried out at 104°C. as de 
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scribed in Example 2. A satisfactory aluminum plate 
was deposited on the catalyzed portion of the film. 

EXAMPLE 9 

A Mylar film was coated and polymerized to form an 
adherent layer on the film consisting of l 1A weight per 
cent TiCl4 and a cross-linked polymer of the monomer 
1,1 ’-[ethylenebisioxy(4-hydroxy-o-phenylene) }] 
bis(tetrahydrothiophenium hydroxide)bis(inner salt). 
The catalyzed surface remained exposed to the labora 
tory air for a period of 6 days. At least a portion of the 
catalyzed surface was dipped into a 0.25 molar solution 
of NH, in ether and exposed to a temperature usually 
sufficient to decompose the catalyzed AlHa. it is be 
lieved that no aluminum plate was formed on the Mylar 
surface as a result'of a time related sensitivity of the 
polymer-catalyst mixture to the laboratory air. It is also 
believed that removal of a surface portion from the 
polymer-catalyst mixture would rejuvenate the cata 
lytic coating. 

EXAMPLE 10 

A 4 mil thick Mylar film is catalyzed and aluminum 
plated substantially as described in Example 1. The 
catalyst-polymer coated substrate is exposed to the lab 
oratory air atmosphere for about 24 hours before ap 
plying the aluminum plate to the substrate. A decora 
tive, specular, sharply defined aluminum plate is depos 
ited only where the aluminum hydride had contacted 
the catalyzed surface. 

EXAMPLE ll 

A methanol solution containing 20 weight per cent 
solute consisting of 74 54: weight per cent ofa CS2 with 
formula: 

0e o9 
l 1 

@CH:— I 
?g? ii /é$ L .Ll 

where n = 0.5, 24 ‘>4 weight per cent of tetrahydro-l-(4 
hydroxy-3-methylphenyl)thiophenium hydroxide, 
inner salt with the formula: 

@W 
i 

09 
I 

—CH3 

Ci 
. and l 1/2 weight per cent TiCl, is applied to a 4 mil 
Mylar film by a roll applicator, polymerized at 140°C. 
for 10 minutes and maintained in air for 3 days before 
depositing an aluminum plate thereon as described in 
Example 1. In a similar manner a second coating of the 
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catalyst containing solution is applied to the plated sur 
face and a second aluminum plate deposited in only the 
area treated with the catalytic solution. The aluminum 
plate will tcnaciously adhere to the substrate and have 
a shiny, decorative physical appearance. 
What is claimed is: 
1. In a process for the plating of aluminum onto a 

substrate by contacting the substrate with a decomposi 
tion catalytic compound selected from the group con 
sisting of compounds of titanium, zirconium, hafnium, 
vanadium, niobium, tantalum and mixtures thereof, 
and then an aluminum hydride, the improvement com 
prising contacting the substrate with a mixture of (1) 
a thermally polymerizable monomer consisting of at 
least one cyclic sulfonium zwitterion of the formula: 

where R is Cl, Br, or Cl-C,1 alkyl and a is 0-2, 
each tetramethylenesulfonium group is ortho or para 

to the phenoxide group, and 
Z is a bridging group of the formula: ‘ 

b. —CH2— where E(X+y) = 0-4; 
(2) a decomposition catalytic compound, and (3) a 
mutual solvent for the cyclic sulfonium zwitterion 
monomer and the catalytic compound; and then poly 
merizing the monomer to form upon drying a water in 
soluble polymerdecomposition catalytic compound 
coating on the substrate. 

2. The process of claim 1 wherein the contacting step 
is carried out in an oxygen containing atmosphere. 

3. The process of claim 2 wherein the contacting step 
is carried out in air. 

4. The process of claim 1 wherein polymerizing is 
carried out at a polymerizing temperature within the 
range of from about 40°C. to about 200°C. 

5. The process of claim 1 wherein polymerizing is 
carried out at a polymerizing temperature within the 
range of from about 90°C. to about 150°C. 

6. The process of claim 1 wherein the substrate is 
contacted with a solution of the cyclic sulfonium zwit 
terion monomer and the catalytic compound. 

7. The process of claim 1 wherein the zwitterion 
monomer has an average of at least 1.2 SEB/mer. 

8. The process of claim 1 wherein the decomposition 
catalytic compound is selected from the group consist 
ing of TiCl4'2[C2H5)2O], Ti(OCzH5)zCl2, TiCl2(i 
OCSH7)Z1 TiClz'2[(CzH5)20], Ti(BH4)3'2[(C2H5)z0], 
and the chlorides, bromides and iodides of titanium and 
niobium. 

9. The process of claim 1 wherein the decomposition 
catalytic compound is selected from the group consist 
ing of chlorides, bromides and iodides of titanium and 
niobium. 
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10. The process of claim 1 wherein the decomposi 
tion catalytic compound is titanium tetrachloride. 

11. The process of claim 8 wherein the catalyst con 
tacting step is carried out with the described mixture 
containing about 0.05 to about 10 weight per cent of 
the decomposition catalytic compound. 

12. The process of. claim 11 wherein the decomposi 
tion catalytic compound is titanium tetrachloride. 

13. The process of claim 11 wherein the mixture in 
cludes about one-half to about 70 weight per cent of 
the cyclic sulfonium zwitterion monomer. 

14. The process of claim 13 wherein the decomposi 
tion catalytic compound is titanium tetrachloride and 
polymerizing is carried out at a polymerizing tempera 
ture within the range of from about 40°C. to about 
200°C. 

15. The process of claim 14 wherein polymerizing is 

10 

10 
carried out at a polymerizing temperature within the 
range of from about 90°C. to about 150°C. 

16. The process of claim 8 wherein the catalyst con 
tacting step is carried out with the described mixture 
containing about one~half to about 5 weight per cent of 
the decomposition catalytic compound and about 20 to 
about 45 per cent of the cyclic sulfonium zwitterion 
monomer. . 

17. The process of claim 8 including contacting the 
aluminum plated surface with the mixture of the com 
ponents (l), (2) and (3); polymerizing the monomer 
and then contacting at least a portion of the polymer 
ized surface with an aluminum hydride. 

18. The process of claim 16 wherein the decomposi 
tion catalytic compound is titanium tetrachloride. 
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