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{571 ABSTRACT

Uniform films having a metallic luster and a light
transmittance of about 5 to 35 percent are deposited
at a controllable rate with a metal-reducer filming
composition that is stabilized with a mono-carbonyl
composition, such as ketones and condensed ketones.

11 Claims, 8 Drawing Figures
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1
CHEMICAL FILMING SOLUTION AND PROCESS
FOR PLATING THEREWITH

CROSS REFERENCES TO RELATED
APPLICATIONS

This application is related to Ser. No. 829,755, filed
June 21, 1969 now U.S. Pat. No. 3,672.939, issued
June 27, 1972. This application is also related to Ser.
Nos. 57,451, now U.S. Pat. No. 3,723,158, 57.575 and
57,754, filed on July 23, 1970 in the name of R. G. Mil-
ler. This application is also related to Ser. No. 57,527,
filed on July 23, 1970 in the names of R. C. Crissman
and C. B. Greenberg and now U.S. Pat. No. 3,723,155.
The disclosures of the above-mentioned related appli-
cations are incorporated herein by reference. Applica-
tion Ser. No. 57,575 is now abandoned; application
Ser. No. 57,754 is now U.S. Pat. No. 3,674,517,
issued July 4, 1972.

BACKGROUND OF THE INVENTION

This invention relates to chemical plating, and more
particularly, it relates to improved chemical composi-
tions for depositing uniformly thin transparent metal-
boron films at a rapid and highly controllable rate.

Of particular interest is a solution capable of provid-
ing activated glass or clear plastic sheets with a metal-
boron film having a metallic luster and light transmis-
sion characteristics permitting the use of such sheets as
viewing closures, especially multiglazed viewing clo-
sures which normally permit vision from the inside of
a building on which they are mounted and which re-
strain or limit heat transfer either from the sun’s rays
or from the interior of the building.

In the provision of such closures it is important not
only to limit the degree of heat transfer therethrough
but also to provide sheets which have an attractive
color and a relatively uniform reflectivity.

Such uniformity is especially important when such
closures are installed in buildings of contemporary ar-
chitecture which provide an essentially continuous
glazed wall, at least in the vertical direction. When
glass of the type herein contemplatd is installed, con-
siderable reflection can be observed from outside the
building. Accordingly, it will be appreciated that non-
uniformity in reflectivity results in a very unsightly ap-
pearance.

As disclosed in the herein mentioned related applica-
tions, uniformly transparent metal-boron films can be
deposited from a filming composition comprising a
chelated metal compound and an alkali metal borohy-
dride containing reducing solution by spraying the film-
ing composition onto an activated transparent sub-
strate. However, as pointed out in the Miller applica-
tion Ser. No. 57,451, now U.S. Pat. No. 3,723,158, an
activated glass sheet that is coated with a metal and
boron containing film by a relatively short single spray
application of the intermixed filming compositions il-
lustrated therein generally has a luminous transmission
of from about 25 to about 40 percent when the filming
capacity of the composition has depleted and filming
has effectively ceased.

It is believed that this depletion phenonomon and
consequent limit of about 25 to about 40 percent lumi-
nous transmission for a single spray application is due
to the fact that in addition to metal deposition on the
activated substrate, a reaction occurs in the filming
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composition which results in the homogeneous precipi-
tation of the contemplated metal in the bulk of the film-
ing composition which is not in contact with the acti-
vated substrate. This homogeneous or bulk precipita-
tion reaction appears to occur relatively spontaneously
after a certain inhibition period which depends primar-
ily on the temperature, pH and concentration of the
filming composition; the inhibition period of the film-
ing compositions disclosed in the above-mentioned re-
lated application generally being the range of about 8
to about 20 seconds. It will be appreciated that this
bulk precipitation reaction affects the filming composi-
tion in several ways. For example, the compositions will
have a very limited pot-life, i.e., the period of which the
reactants present in the filming composition retain
their activity. In addition, bulk precipitation. depletes
the compositions of metal and reducer, and therefore
decreases the metal deposition rate. Bulk precipitation
also affects the pH value of the filming compositions
which, in turn, tends to affect the composition of the
deposited film. Such composition change of the depos-
ited film may result in a change in the film’s optical
constants which, together with the film’s thickness, de-
termine the transmittance and reflectance thereof. Ac-
cordingly, it will be appreciated that the bulk precipita-
tion reaction may cause a deposited film to have a dete-
riorated uniformity and optical quality.

SUMMARY OF THE INVENTION

In accordance with the present invention, it has been
found that the above-discussed bulk precipitation reac-
tion can be retarded, and possibly completely pre-
vented, without affecting the metal deposition reaction,
by the addition of certain mono-carbonyl group con-
taining compounds to the contemplated filming com-
position. While the precise function of the mono-
carbonyl group containing additive is unknown, it is be-
lieved that the additive surrounds the metal cations on
a molecular level and in a specific coordination so as
to inactivate the metal cations toward bulk precipita-
tion, but not toward film deposition, thus inhibiting
bulk precipitation while permitting unhindered film
formation. This result is unexpected and completely
different from the results obtained with well known
complex formers such as ethylene diamine tetraacetic
acid, ethylene diamine, citric acid, levulinic acid, hy-
droxylamine, and the like, all of which retard or pre-
vent both the bulk precipitation reaction and the film
deposition reaction. For reasons presently unexplain-
able, it was found that many aldehydes such as formal-
dehyde, acrolein and glyoxal, and many di-ketones,
such as acetyl-acetone also tend to retard or prevent
both the bulk precipitation reaction and the film depo-
sition reaction. Therefore, aldehyde and compounds
containing more than one carbonyl group are excluded
from the herein contemplated additives.

Among the mono-carbonyl group containing com-
pounds found suitable for supressing the bulk precipita- -
tion reaction, without significantly affecting the metal
deposition reaction, are the alkyl ketones such as ace-
tone, methyl ethyl ketone, methyl propyl ketone,
methyl isopropyl ketone, methyl amyl ketone, methyl
isoamy! ketone, ‘methyl butyl ketone, methyl isobutyl
ketone, methyl isopropeny! ketone, methy! hexyl ke-
tone, ethyl butyl ketone, and the like; cyclic ketones
such as cyclohexanone, cyclopentanone, cyclopentyl
acetone and the like; condensed ketones such as diace-
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tone alcohol, the condensation products of the useful
alkyl and cyclic ketones listed here and the like. Com-
pounds having aromatic groups and unsaturated linear
chains attached to the carbonyl group are also suited to
retard bulk precipitation.

Use of varying amounts of the present additives has
been found effective for suppressing bulk precipitation,
and thereby stabilizing the filming compositions in
which they are employed. For example, the use of at
least about 0.01 volume percent of the herein contem-
plated mono-carbonyl group containing materials,
based on the volume of the metal salt solution compris-
ing the filming composition, will significantly delay the
onset of bulk precipitation. However, best results have
been attained when the additive is employed in a con-
centration exceeding about 0.05 volume percent; pref-
erably in concentrations ranging from about 0.1 to
about 10.0 volume percent and most preferably from
about 0.1 to about 2.0 volume percent.

Thus, in accordance with the present invention, it has
been found that extremely uniform transparent metal-
boron films, which are eminently suitable for use in
conjunction with transparent viewing closures of all
types, can be coated on a transparent substrate that is
receptive to metal deposition by contacting the sub-
strate with a specifically formulated mono-carbonyl
compound containing alkaline solution of a metal com-
pound, preferably a nickel compound, and a specifi-
cally formulated boron-containing reducing solution,
preferably comprising an alkali metal borohydride. In
a preferred embodiment, the mono-carbonyl com-
pound comprises a ketone such as acetone, and the
metal and the boron-containing solutions are applied to
the receptive substrate separately, but substantially si-
multaneously. This may be done, for example, by ap-
plying the respective solutions as separate sprays which
substantially simultaneously intermix and contact with
the receptive substrate.

The herein contemplated filming compositions have
been found to be effective over a broad temperature
range for coating any of the so-cailed catalytic metal
substrates or non-catalytic substrates sensitized in a
conventional manner to promote deposition of contin-
uous, adherent transparent metal films. However, one
of the marked advantages of the present filming com-
positions is that they will deposit highly uniform trans-
parent films when employed at about room tempera-
ture, i.e. from about 20° to 30°C.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood and ap-
preciated in view of the examples to follow, taken in
conjunction with the accompanying drawings wherein:

FIG. 1 is a graph illustrating the luminous transmit-
tance of a metal coated test tube as a function of the
plating time when plated with various metal salt/re-
ducer concentrations in the absence of the herein con-
templated mono-carbonyl group containing additives;

FIGS. 2 — 4 are graphs, similar to FIG. 1, illustrating
the luminous transmittance of a metal coated test tube
as a function of the plating time when plated with a pre-
determined metal salt/reducer concentration contain-
ing various concentration levels of acetone;

FIG. 5 is a graph illustrating the luminous transmit-
tance of a metal coated test tube as a function of addi-
tive concentration in the metal solution for effectively
infinite plating time demonstrating the effectiveness of
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small controlled amounts of additive and the ineffec-
tiveness of large quantities of the same additive;

FIG. 6 is a graph, similar to FIG. 5, but extending ad-
ditive concentration only to about the optimum, show-
ing luminous transmittance of metal coated test tubes
coated with cobalt and iron solutions and demonstrat-
ing a similar effectiveness of the contemplated mono-
carbonyl containing additives in iron and cobalt solu-
tions.

FIG. 7 is a schematic top plan view, with portions re-
moved for the sake of clarity, of an apparatus suitable
for use in preparing the transparent articles of the pres-
ent invention on a continual basis, wherein section 100
represents a glass loading and cleaning sectior, section
200 represents a sensitizing and activating section, sec-
tion 300 represents a metal-boron deposition section,
section 400 represents a drying section and section 500
represents a film density measuring and unloading sec-
tion; and

FIG. 8 is a schematic front elevational view of the ap-
paratus of FIG. 7.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As pointed out hereinabove, one feature of the pres-
ent invention resides in adding a mono-carbonyl group
containing compound selected from the group consist-
ing of ketones and condensed ketones to a film forming
composition which would normally undergo a rela-
tively immediate film deposition reaction and a bulk
precipitation reaction occurring substantially sponta-
neously after about an 8 to 20 second inhibition period,
whereby the bulk precipitation reaction is effectively
suppressed or possibly completely prevented without
any noticeable effect on the film deposition reaction.

One way in which the herein contemplated filming
compositions may be made is by mixing a mono-
carbonyl group containing compound, selected from
the group consisting of ketones and condensed ke-
tones, with a specifically formulated solution of a metal
compound, preferably a nickel compound, and then
mixing the additive/metal solution with a specifically
formulated boron-containing reducing solution, prefer-
ably comprising an alkali metal borohydride, to form
the desired filming composition. The separate solutions
may be formulated as follows:

Metal Containing Solution

In accordance with one embodiment of the present
invention, the additive/metal containing solution may
comprise an aqueous solution of a metal selected from
the group consisting of nickel, iron, cobalt, and mix-
tures thereof, generally in the form of (a) a water solu-
ble metal salt of an inorganic or organic acid, prefera-
bly the latter, especially acetic acid, (b) a mono-
carbonyl group containing compound selected from
the group consisting of ketones and condensed ke-
tones, preferably acetone, (c) a small amount of an or-
ganic or inorganic acid, preferably boric acid, (d) a
complexing or chelating agent such as gluconic acid or
an alkali metal salt thereof, preferably sodium gluco-
nate, and (e) sufficient alkaline material, preferably
ammonium hydroxide, to maintain the pH of the solu-
tion above pH 7, generally between about pH 7 to pH
11, and preferably between about pH 7.2 and pH 7.6.
In a preferred embodiment, the metal containing solu-
tion also includes (f) a nitrogen-hydrogen type additive
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(believed to be a complexer and leveling agent) such
as hydrozine hydrate or hydrazine tartrate, and espe-
cially hydrozine sulfate, and (g) certain non-ionic or
cationic wetting agents which are known not to precipi-
tate heavy metals from solution. Examples of such wet-
ting agents include certain cocoamine-cthylene oxide
condensates such as Ethomeen C-15 and Ethomeen
C-20 of Armour and Company, described more fully in
the above mentioned related applications. The usual
solvent for these components is water. However, water
may be replaced partially or even completely with an
organic solvent such as lower aliphatic alcohols, i.e.,
ethyl alcohol, propenol and the like.

As mentioned above, various salts of the contem-
plated metals and inorganic and organic acids soluble
in aqueous solutions may be utilized. Metal salts having
only slight solubility in aqueous solutions may be uti-
lized inasmuch as active concentrations of the salt of
the metal to be plated range from about 0.05 percent
by weight to about 20 percent by weight of the solution.
A preferred concentration is from about 0.5 percent by
weight to about 10 percent by weight of the metal salt,
e.g. the nickel salt, per unit weight of solution. Further-
more, the valence state of the soluble metal ion appears
to be unimportant. For example, cobaltous or cobaltic
salts are generally equally effective.

Typical salts of organic acids useful in this invention
includes: nickel acetate, nickel propionate, nickel cit-
rate, nickel tartrate, cobalt acetate, cobalt citrate, iron
acetate and the like, mixtures thereof and salts of solu-
ble organic acids generally containing less than about
12 carbon atoms.

Typical inorganic metal salts useful in this invention
include: nickel chloride, nickel bromide, nickel iodide,
nickel sulphate, nickel fluoroborate, cobalt bromide,
cobalt chloride, cobalt fluoride, iron chioride, iron bro-
mide, iron sulphate, and the like and mixtures thereof.

The stability of the ultimate filming composition and
the inhibition period between its preparation and the
spontaneous occurance of bulk precipitation reaction
is greatly enhanced by the presence of acetone. Other
mono-carbonyl group containing compounds, with the
exclusion of most aldehydes, may also be utilized. For
example, alkyl ketones such as methyl-ethyl-ketone,
saturated cyclic ketones such as cylohexanone, con-
densed ketones such as di-acetone alcohol, and the like
and mixtures thereof may also be used. For best results,
it is desirable to include acetone as part of the mono-
carbonyl group containing additive even though addi-
tional stabilizer materials may be present. The quantity
of the herein contemplated mono-carbonyl group con-
taining additives may vary over a relatively wide range.
For example, a metal containing solution comprising at
least about 0.05 percent by volume of such additives is
suitable. However, the use of at least about 0.1 volume
percent, and generally from about 0.1 to about 5.0 vol-
ume percent of such additives is preferred.

The formation of transparent films of metals such as
nickel, cobalt, iron and mixtures thereof has been
found to be greatly facilitated by the presence of boric
acid. Other acids may also be utilized, for example,
acetic acid, propionic acid, citric acid, tartaric acid,
and the like. Boric acid has been found to promote film
uniformity and to reduce the tendency of the metal film
to peel from the substrate during drying. For best re-
sults, it is desirable to include boric acid in the metal
containing solution even though additional acids may
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be present. The quantity of boric acid employed may
vary over a relatively wide range. For example, a metal
containing solution comprising from about 0.050 per-
cent to about 3.5 percent by weight boric acid is suit-
able. However, the use of a metal containing solution
comprising from about 0.2 to about 1.0 percent boric
acid is preferred.

A chelating agent, i.e. a compound which readily
complexes metal ions in water solution, is effective in
the alkaline metal containing solution to prevent pre-
cipitation of the dissolved metal compound. The pre-
ferred chelating agent is gluconic acid, or an alkali
metal salt thereof, especially sodium gluconate. How-
ever, known chelating agents such as citric acid, gly-
colic acid, ethylene diamine, lactic acid, ethylene di-
amine tetraacetic acid, and the like are useful. The for-
mation of transparent metal films of good optical char-
acteristics is enhanced by the utilization of gluconic
acid or sodium gluconate, especially the latter. The
quantity of chelating agent utilized should be that
which is sufficient to maintain the metal compound in
solution at the contemplated operating temperatures.
Generally, chelating agents are utilized in a mole-to-
mole ratio for each mole of metal ion present, although
it has been found that lesser quantities are effective
with the dilute coating solutions of this invention. Thus,
while good coatings are produced from metal solutions
having a molar ratio of chelating agent to metal ion as
low as 1:4, a molar ratio between about 1:2 to 3:1 is
preferred for deposition of transparent metal films.

It has been found that the inclusion of certain com-
pounds containing the radical

|
N _-Hor -N-H

linked to an inorganic radical or another nitrogen atom
as part of the metal salt solution greatly enhances the
quality of the resulting deposited film produced using
a borohydride as a reducing agent. Thus, substantially
mottle-free, uniform, and fine-textured films are ob-
tained when from about 0.01 percent by weight to
about 1.0 percent by weight of the metal salt solution
comprises hydrazine tartrate, hydrazine hydrate, hy-
droxylamine, phenylhydrazine, hydroxyl ammonium
sulfate, and the like, and particularly hydrazine sulfate.
Particularly high quality films are obtained when the
metal salt solution comprises from about 0.04 to about
0.06 percent by weight of the above-described nitro-
gen-hydrogen type compounds, especially hydrazine
sulfate. In this regard, it has been observed that the
presence of such hydrazine compounds slightly retards
the rate of film deposition. Accordingly, it is believed
that the added hydrazine compound acts as a com-
plexer and leveling agent that controls the rate of re-
lease of the metal ions from the complex thereof.

As pointed out briefly above, the inclusion of certain
wetting agents as part of the metal salt solution has
been found particularly effective for the deposition of
transparent films of metals, for example, nickel, cobalt,
iron, and the like. In this connection, certain non-ionic
and cationic wetting agents which are known not to
precipitate heavy metals from solution are generally
preferred. Wetting agents particularly useful for this
purpose include:

Cationic agents such as:
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I. quaternary ammonium salts, for example, tetra-
methyl ammonium chloride and dipropyl dimethyl
ammonium chloride: and

2. alkylene oxide condensation products of organic
amines wherein a typical structure is

CH,CH,0) _H
2
R - N<( 2 x
(CH,CH,0) JH,

wherein R is a fatty alkyl group preferably having
about 12 to 18 carbon atoms, and x and y represent
whole numbers from 1 to about 20, typical prod-
ucts of this type being ethylene oxide condensation
products of cocoamines, soybean amines, and the
like, having an average molecular weight of about
200 to about 3,000.

Non-ionic agents such as:

1. Alkylene oxide condensates of amides, for exam-
ple, hydrogenated tallow amides having a molecu-
lar weight of about 200 to about 300, and oleyl am-
ides wherein a typical structure is

Q
i (CH,CH,0) ,H
c - N< 27'x

(CH,CH,0) H

wherein R, x, and y have the same significance as set
forth immediately above for organic amine con-
densates; and,
2. Alkylene oxide condensates of fatty acids.
When employed in very small amounts ranging gener-
ally from about 0.001 to about 0.1 percent by weight
of metal salt solution, e.g. from about 10 to about 1000
milligrams per liter of solution, and preferably from
about 25 to about 100 milligrams per liter of solution,
wetting agents of the above types are generally useful
in promoting film uniformity. Of particular utility are
the alkylene oxide condensation products of organic
amines which have been found to promote substantially
mottle-free transparent films of nickel, cobalt, iron and
mixtures thereof formed by the spray process described
herein. Cocoamine-ethylene oxide condensates having
a molecular weight of greater than about 300 have
been found especially effective for this purpose. Typi-
cal of the cocoamines that may be employed is
Ethomeen C-15 of Armour and Company. This cocoa-
mine is described hereinafter in the examples.
Thus, it will be appreciated that a particularly suit-
able metal containing solution may comprise the for-
mulation set forth in Table 1.

Table 1

Metal Salt Solution

Ingredient Concentration

0.5-50 grams/liter
0.05-5.0 milliliters/liter
0.5-35 grams/liter
1.0-75 grams/liter
0.1-5.0 grams/liter

Nickelous acetate

Acetone

Boric acid

Sodium gluconate

Hydrazine sulfate

pH (adjusted with
ammonium hydroxide)

Ethomeen C-20

7.0-10.5
0.01-1.0 grams/liter
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The metal salt solution is preferably formed by dis-
solving a desired quantity of a metal salt in water and
adding the desired amount of chelating agent. Next, the
desired amount of a nitrogen-hydrogen type compound
is dissolved separately in a minimum amount of water
and added to the complexed metal salt. Boric acid is
preferably added next and then the mono-carbonyl
containing compound is added. Finally, the pH of the
solution is adjusted to about pH 7 or greater with an al-
kaline material, preferably a hydroxide. Boric acid and-
Jor the mono-carbonyl containing compound may be
added before the chelating and nitrogen-hydrogen type
agents, but the addition of these agents preferably pre-
cedes the addition of any alkaline materials.

To achieve the activity hereindescribed, the alkalin-
ity of the metal containing solution should be main-
tained or buffered between a pH of 7 and 9.5, prefera-
bly between 7.2 and 7.6. Alkaline materials generally
may be used for pH control although hydroxides such
as sodium, potassium, and ammonium hydroxide are
preferred, with best results being achieved with ammo-
nium hydroxide. Such a solution is stable over long pe-
riods of time in the absence of the reducing agent.
However, when mixed with the reducing agent it func-
tions rapidly to produce a coating on a sensitized or ac-
tive surface. Concurrently, metal precipitates from so-
lution and thus the solution becomes spent. The metal
precipitation occurs within seconds or may be inhibited
for more than 5 minutes, depending upon acetone con-
centration.

During use, the temperature of the metal containing
solution may vary over a relatively wide range so long
as it is uniform from substrate to substrate. For exam-
ple, uniform, transparent films may be deposited from
a metal containing solution maintained at a tempera-
ture between about 35°F. and 100°F. Practically speak-
ing, however, it is preferable to maintain the tempera-
ture of the metal containing solution between about
50°F. and about 90°F., and most preferable to maintain
the temperature between about 60°F. and 85°F.

Reducing Solution

The reducing solution comprises an aqueous solution
of a boron-containing reducing agent and has a pH
greater than 7, preferably greater than about 9, inas-
much as boron-containing reducing agents oxidize very
rapidly in acid and neutral solutions. Such solutions are
comparatively stable. To achieve the rapid activity de-
sired after the reducing solution is added to the metal
solution, it is preferred that the pH of the intermixed
solution, that is, the filming composition formed by in-
termixing the metal and reducing solutions at the sur-
face of the substrate being coated, be at least 7, but
below 9.5, and preferably between about 7 and 8.5.
Best quality transparent films are formed when the re-
ducing solution is maintained at a pH of about 11 to
12.5; the most preferred range of pH being from about
11.2 to about 11.7. Thus, the pH of the intermixed so-
Jution may be readily controlled by control of the re-
spective reducing and metal solutions.

The boron-containing reducing agent may be present
in the reducing solution in an amount equal to from
about 0.01 to about 5.0 percent by weight based upon
the weight of the reducing solution. While boron-
containing reducing agents are effective in the afore-
mentioned range, a preferred concentration of about
0.03 to about 1.0 percent by weight of reducing agent
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based upon the weight of the reducing solution is pre-
ferred. The balance of the solution usually is water al-
though organic solvents such as the lower alcohols may
be used if desired.

Exceptionally useful boron-containing reducing
agents are the alkali metal borohydrides such as sodium
borohydride, and potassium borohydride.

It has been found that films having superior uniform-
ity and texture are obtained when the reducing solution
includes a small amount of a wetting agent of the type
described above to facilitate proper intermixing with
the metal containing solution. In this connection, it has
been found that from about 0.001 to about 0.1 percent
by weight, e.g., from about 10 to about 1000 milligrams
of wetting agent per liter of solution ‘and preferably
from about 10 to about 50 milligrams of wetting agent
per liter of solution is generally sufficient for this pur-
pose.

Thus, it will be appreciated that a particularly suit-
able boron-containing reducing solution may comprise
the formulation set forth in Table 2.

Table 2

Reducing Solution

Ingredient Concentration

Sodium borohydride

pH (adjusted with sodium
hydroxide)

Ethomeen C-20

0.1-25 grams/liter

10-12.5
0.01-1.0 grams/liter

Process

While the herein contemplated filming compositions
are equally employable in batchwise and continuous
deposition techniques, they are particularly advanta-
geous when utilized in continuous spray deposition
techniques. Generally speaking, when employed in
such continuous spray techniques, the metal containing
solution and reducing solution are each passed through
separate spray guns so that the sprays intermix and uni-
formly contact the surface of substrates to be coated,
the substrates advancing relative to the spray guns.
However, it will be appreciated that the stabilizing ac-
tion imparted by the herein contemplated mono-
carbonyl group containing compounds enables the use
of filming compositions that are premixed, homoge-
nized, and delivered to the substrates being coated by
means of any of the well known drip-type, curtain-type
and/or spray-type systems. After remaining on the sur-
face of the articles for a period of time sufficient to sub-
stantially deplete the intermixed solution of its filming
capacity, the spent or dead solution is washed off.

Since the bulk precipitation reaction associated with
an intermixed solution prepared in accordance with the
present invention will be substantially suppressed, the
desired film thickness can usually be deposited with a
single spray application of filming composition. How-
ever, since such stabilized filming compositions will al-
ways be depleted of their filming capacity before any
film deposited thereby becomes opaque, it may be de-
sirable to spray the substrates several times with fresh
solution. Thus, depending upon the various deposition
parameters such as the line speed and the concentra-
tion and pH of the intermixed solution, the spraying
and washing sequence may be carried out once, or may
be repeated for each substrate as many times as neces-
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10
sary to prepare a final film thickness having the desired
degree of transparency.

In practice, each of the metal and reducing solutions
is sprayed separately, but preferably simultaneously,
onto the precleaned and activated surfaces to be
coated at a flow rate varying from about 10 to about
1500 milliliters per minute per square foot of activated
surface. Of course, the actual flow rate that is em-
ployed depends upon the concentration of the inter-
mixed filming solution, the temperature and pH
thereof, the transparency of the desired coating, the re-
spective positions of the spray guns employed, the rate
of advancement of the activated surfaces relative to the
spray guns, and the like. Generally speaking, however,
it is desirable to maintain the flow rates of the respec-
tive solutions such that the molar ratio of the boron-
containing réducing agent and the metal being reduced
vary from about 1:3 to about 3:1.

As discussed. more fully in the herein incorporated
Miller application, Ser. No. 57,451, now U.S. Pat. No.
3,723,158, it has been found generally preferable to
employ multiple gun sets when coating with the herein
contemplated stabilized compositions on a commercial
scale. In this connection, each gun set would comprise
a spray gun for the metal containing solution and a
spray gun for the reducing solution, each operated at
a flow rate varying from about 300 to about 2000 milli-
liters of solution per minute per gun.

The herein contemplated stabilized solutions can be
employed at temperatures in the range of from about
35°F. to about 100°F. for coating only those substrates
which are receptive to metal deposition. For the depo-
sition of films of nickel, cobalt, iron, and mixtures
thereof, it is preferred to have a reactive metal sub-
strate. Thus, in the formation of a transparent article,
an appropriate substrate is a transparent glass plate
coated or at least activated with a transparent metal
film or deposit of copper, aluminum, tungsten, cobalt,
platinum, silver, boron, thallium, vanadium, titanium,
nickel, gold, germanium, silicon, chromium, molybde-
num, iron, tin, palladium, lead, indium, cadmium, zinc,
and the like. For example, a transparent copper film
could be deposited on a transparent glass or plastic sub-
strate by means of vacuum deposition or sputtering,
whereafter the copper coated substrate could be
sprayed according to the teaching of this invention with
a transparent coating of nickel, cobalt, iron, or a mix-
ture thereof.

A further method of activating the substrate for
chemical deposition with the solutions of the present
invention may be accomplished in accordance with the
teachings of U.S. Pat. No. 2,702,253 or U.S. Pat. No.
3,011,920, the teachings therein being incorporated
herein by reference. Thus, the present filming composi-
tions are applicable in forming transparent metal-boron
films on activated clear plastic and glasses, especially
soda-lime-silica glasses, as well as on a wide variety of
activated glass, ceramic, glass-ceramic, siliceous and
calcereous base compositions. For example, the pres-
ent compositions can be used to provide metal-boron
and particularly nickel-boron films on the following
types of glasses; soda-lime-silica glasses; alkali-
alumina-silica glasses, such as those containing lithia as
a component alkali; alkali-zirconia-silica glasses; alkali-
alumina-zirconia-silica glasses; borosilicate glasses, etc.

The soda-lime-silica glass to be treated can be a clear
glass or it can be a colored glass tinted by the introduc-
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tion of various conventional materials into the glass
forming batch. These latter glasses are often referred to
as heat absorbing glasses especially when they contain
iron oxide. Representative soda-lime-silica glass bases

12

one of the respective test tubes. After a given period of
time, ranging from O to 3 minutes, each test tube was
emptied, rinsed immediately with demineralized water
and dried with compressed air. In each run the temper-

which can be treated in accordance with this invention 5 ature of the respective solution was 72°F.

usually contain 65 to 75 percent by weight SiO.. 10 to The luminous transmittance of each test tube was
18 percent by weight Nahd 20. 5 to 15 percent by then measured using a Bausch and Lomb spectropho-
weight Ca0, 0 to 5 percent by weight alumina oxide tometer in the green range at 525 nanometers with the
(A1,03), 0 to 8 percent by weight K;0O, 0 to 8 percent beam passing horizontally through the respective tubes.
by weight B;O;, O to | percent by weight iron oxide 10 The test tubes were held vertically relative to the beam
(Fe,03), and 0 to 0.7 percent by weight of NaCl. SO, passing through them, and the transmittance of a clear,
As,O5, BaO, NiO, CoO, Na,SO, and Se and combina- non-coated identical test tube was taken as 100 per-
tions thereof. cent.

A representative range of composition for soda-lime- The results of these runs are illustrated in FIG. 1,
silica glasses is listed as follows (wherein the given 15 under the designation *‘Series 1.0,” wherein the mea-
amounts of metals listed are determined as their oxides, sured luminous transmittance of each test tube is plot-
except as otherwise noted): ted against the plating time, in seconds.

EXAMPLE II
. cree : Wei .

Component Percent by Weight 20 In a second series of runs, the procedure of Example
Si0, 68-73.5 I was followed utilizing nickel solution and reducer so-
Na,O 12-17 : .

) 772 lution formulated as follows:

MgO 2-4

Na,SO, 0-0.8

NaCl 0-0.3 25 NICKEL SOLUTION

Fe,0, 0.05-0.09

AlOy 0-3.5 Nickelous acetate 3.5 grams

B0y 0-6 Boric acid 1.75 grams

K,0 0-1.5 Sodium gluconate 6.3 grams
Hydrazine sulfate 0.35 gram
Ammonium hydroxide pH adjusted to 7.2

. . Wi : i

The following examples demonstrate the effective- 30 ater :‘,‘f“iffl‘u};;f,"”“ ! liter
ness of the present invention and the experimental con-
clusions of these experiments are summarized in the REDUCER SOLUTION
drawings, FIGS. 1 - 6. Sodium borohydride 0.35 gram

Sodium hydroxide pH adjusted to 11.5
EXAMPLE I 35 Water added to form 1 liter
X . of solution

In a series of laboratory runs, commercial test tubes
having a diameter of 13 mm were filled with a dilute so-
lution of stannous chloride (comprising about 0.2 per- The results of these runs are illustrated in FIG. 1,
cent by weight SnCl, . 2H,0 and having a pH of about under the designation Series 0.7 (The nickel solution
2.0). After about 1 minute, the test tubes were rinsed 0 and the reducer solution in this example are 70 percent
with demineralized water, refilled for about 1 minute as concentrated as the respective solutions employed in
with a dilute solution of palladium chloride (compris- Example I).
ing about 0.01 percent by weight PdCl, and having a
pH of about 1.7), again rinsed with demineralized wa- 4 EXAMPLE III
ter, and then set upright in a conventional test tube 5 In a third series of runs, the procedure of Example I
holder. was again followed utilizing nickel solution and reducer

Each of the now sensitized test tubes was contacted solution 1.25 times as concentrated as the respective
with 5 ml of a nickel solution and 5 ml of a reducer so- solutions in Example 1. Thus, the nickel and reducer so-
lution formulated as follows: 50 lutions used were as follows:

NICKEL SOLUTION NICKEL SOLUTION
Nickelous acetate 5 grams Nickelous acetate 6.25 grams
Boric acid 2.5 grams Boric acid 3.125 grams
Sodium gluconate 9 grams 55 Sodium gluconate 11.25 grams
Hydrazine sulfate 0.5 gram Hydrazine sulfate 0.625 gram
Ammonium hydroxide pH adjusted to 7.2 Ammonium hydroxide  pH adjusted to 7.2
Water added to form 1 liter Water added to form 1 liter
of solution of solution
REDUCER SOLUTION REDUCER SOLUTION
60
Sadium Borohydride 0.5 gram Sodium borohydride 0.625 gram
Sodium hydroxide pH adjusted to 11.5 Sodium hydroxide pH adjusted to 11.5
Water added to form 1 liter Water added to form 1 liter
of solution of solution
65

In each run, the nickel solution and the reducer solu-
tion were placed together in a 50 mi beaker, shaken
once for proper mixing, and poured immediately into

The results of these runs are illustrated in FIG. 1 under
the designation Series 1.25. The vertical bars passing
through the curves designated Series 1.0, Series 0.7,
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and Series 1.25 represent the times at which bulk pre-
cipitation occurred.

As illustrated in FIG. 1, without the addition of the
herein contemplated mono-carbonyl group containing
material, plating started more rapidly at higher nickel
and reducer concentrations. However, bulk precipita-
tion also occurred more rapidly when more concen-
trated solutions were employed such that the plating
rate of the more concentrated solutions leveled off be-
fore the corresponding leveling off of the plating rates
of the less concentrated solutions. The net result was
that the ultimate luminous transmittance of the coated
test tubes decreased with a decrease in the concentra-
tion of the solutions employed, and that each of the
coatings was building up at a rapid rate when bulk pre-
cipitation occurred.

Retarding Bulk Precipitation
EXAMPLE IV

In a fourth series of runs, the procedure of Example
1 was followed except that a predetermined amount of
Fisher certified electronic grade acetone was added to
the nickel solution prior to the admixture of the nickel
and reducer solutions. In each run, the amount of ace-
tone added corresponded either to 0.00, 0.10, 0.20, or
0.30 volume percent based on the volume of the nickel
solution. The results of these runs are illustrated in FIG.
2, wherein the luminous transmittance of each test tube
is plotted against the plating time. The vertical bar on
each curve in FIG. 2 represents the point at which bulk
precipitation occurred. Bulk precipitation had not yet
‘occurred after 5 minutes when 0.30 volume percent ac-
etone was added. Thus, FIG. 2 graphically illustrates
the ability to improve film deposition, by suppressing
bulk precipitation with the addition of small amounts
of acetone. Moreover, FIG. 2 illustrates that the addi-
tion of only 0.30 volume percent of acetone to the Se-
ries 1.0 metal/reducer solution can effectively com-
pletely prevent bulk precipitation from occurring, and
thereby result in a metal coating that is free from opti-
cal defects attributable to a simultaneous occurrence of
a bulk precipitation reaction.

EXAMPLE V

In a fifth series of runs, the procedure of Example II
was followed except that a predetermined amount of
Fisher certified electronic grade acetone was added to
the nickel solution prior to the admixture of the nickel
and reducer solutions. In each run, the amount of ace-
tone added corresponded either to 0.00, 0.05, 0.10 or
0.20 volume percent based on the volume of the nickel
solution. The results of these runs are illustrated in FIG.
3. As in FIG. 2, the vertical bar on each curve repre-
sents the point at which bulk precipitation occurred.
Bulk precipitation had not yet occurred after five min-
utes when 0.20 volume percent acetone was added. Ac-
cordingly, this example illustrates that less acetone is
required to retard bulk precipitation when less concen-
trated nickel/reducer solutions are employed.

EXAMPLE VI

The procedure of Example HI was followed except
that a predetermined amount of Fisher certified elec-
tronic grade acetone was added to the nickel solution
prior to the admixture of the nickel and reducer solu-
tion. In each run, the amount of acetone added corre-
sponded either to 0.00, 0.10, 0.30, or 0.50 volume per-
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cent based on the volume of the nickel solution. The
results of these runs are illustrated in FIG. 4, wherein
the luminous transmittance of each test tube is plotted
against the plating time. The vertical bar on each curve
again represents the point at which bulk precipitation
occurred. Bulk precipitation had not yet occurred after
5 minutes when (.50 volume percent acetone was
added.

EXAMPLE VII

The procedure of Example I was followed except that
various mono-carbonyl group containing materials
were substituted for acetone to determine their effect
on the bulk precipitation and film deposition reactions.
While it was evident that acetone had the greatest re-
tarding effect on the bulk precipitation reaction, it was
found that other mono-carbonyl group containing ma-
terials, other than aldehydes, retarded the bulk precipi-
tation reaction without appreciably affecting the film
deposition reaction. The results of these runs are in
Table 3.

TABLE 3

Effect on Bulk
Precipitation

Effect on Film
Deposition

Additive Reaction Reaction
methyl ethyl ketone Retarded or No appreciable
prevented effect
cyclohexanone do do.
diacetone alcohol do. do.
ethylene diamine do. Retarded or
tetraacetic acid prevented
ethylene diamine do. do.
sodium citrate do. do.
levulinic acid do. do.
hydroxylamine do. do.
formatdehyde do. do.
glyoxal do. do.

acrolein do. do.

EXAMPLE VIII

The procedure of Example II was followed except
that the nickel solution was replaced with the following
iron solution:

Iron Solution

Ferrous sulfate 10 grams
Boric acid 3 grams
Sodium gluconate 7 grams
Hydrazine sulfate 0.6 gram

Water
Ammonijum hydroxide
Ethomeen C-20

added to | liter
added to pH 7.5
0.06 gram (2 drops)

The results were similar to those shown graphically
in FIG. 2 and are summarized in FIG. 6

EXAMPLE IX

The procedure of Example I was followed except
that the nickel solution was replaced with the following
cobalt solution:

COBALT SOLUTION

Cobalt acetate 4 grams
Boric acid 2.5 grams
Sodium gluconate 7 grams
Hydrazine sulfate 0.7 gram

Water added ol liter
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-Continued
COBALT SOLUTION

Ammonium hydroxide added to pH 7.2

Ethomeen C-15%

*Ethomeen C-15 (trademark of Armour and Company ) is i cocoamine having an
average molecular weight of 422 and the following peneralized formula
(CH,CH,0) H
yd 27 x
R-—N\
(CH,CH,0) _H
27727y

wherein R is derived from a cocoamine and x + v
equals 5.

As in the case with the nickel and iron solutions, it was
found that acetone retarded the cobalt bulk precipita-
tion reaction without appreciably affecting the film de-
position reaction. The results were similar to those
shown graphically in FIG. 2 and are summarized in
FIG. 6.

EXAMPLE X

A mixed nickel acetate and cobalt acetate solution
was utilized to form a transparent cobalt-nickel and
boron containing film. The procedure was similar to
that employed in Example 11 except that the nickel so-
lution was replaced with a cobalt-nickel solution having
the following composition:

METAL SOLUTION

Cobalt acetate 4 grams
Nickel acetate 10 grams
Boric acid 2.5 grams
Sodium gluconate 7 grams
Hydrazine sulfate 0.7 gram

added to 1 liter
added to pH 7.2

Water
Ammonium hydroxide
Ethomeen C-15

The results were similar to those illustrated in FIG. 2.

As noted in the examples above and as particularly
pointed out in FIG. 5 the amount of mono-carbonyl
containing compound which is effective is limited and
well defined by the experimental procedure described.
Excess mono-carbonyl containing compounds, as for
instance in amounts which would be encountered if the
organic material were present as a solvent, have no
beneficial effect and have a deleterious effect relative
to the controlled amounts of additives of this invention.

EXAMPLE XI

In order to demonstrate the applicability of the re-
sults obtained in Examples I — X to large scale continu-
ous coating techniques, a plurality of 28 inch by 66
inch by one-quarter inch commercial soda-lime-silica
glass plates were coated with a nickel-boron film with
the apparatus illustrated schematically in FIGS. 7 and
8. As shown, the apparatus comprised five basic unit or
sections, which are designated the glass loading and
cleaning section (section 100), the glass sensitizing and
activating section (section 200), the metal-boron depo-
sition section (section 300), the glass drying section
(section 400) and the film density measuring and glass
unloading section (section 500). The apparatus also
comprised a conveyor means including a plurality of
belts 1 in section 100 and rollers 2 in sections 200-500
for carrying and advancing the glass plates 3 past the
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various sections 100-500 in the direction illustrated by
the arrow. The rollers 2 were rotated by conventional
means (not shown) so as to advance the plates 3 at the
rate indicated in Table 4.

In cach run, a plate 3 was loaded onto the belts 1 and
advanced through section 100 of the apparatus. In this
section, four rotating blocks 101 comprised of 3 inch
thick cattle hair felt brushes or equivalent of 8 inch di-
ameter gently abraded the uppermost surface of the
plates 3 with a mixture of cerium oxide and water to
loosen and remove any dirt therefrom. The blocks were
rotated about shafts 102 at a rate of about 350 rpm and
were oscillated about 4 inches in the direction trans-
verse to the advancing plates at a frequency of 15 cy-
cles per minute. Four 6-inch diameter rotary cup
brushes 104 were arranged at 12-inch centers in the
transverse direction such that the longitudinal distance
between the blockers 101 and the rotary cup brushes
104 was about 9 inches. The rotary cup brushes were
equipped with No. 12 nylon bristles and were rotated
at about 350 rpm. The brushes also oscillated about 4
inches in the transverse direction at a frequency of 15
cycles per minute and were supplied with a spray of
water to remove any residual cerium oxide from the
plates 3. After passing beneath the rotary cup brushes
104, each plate 3 advanced beneath a 6-inch diameter
rotary cylinder brush 105 disposed transversely of the
plates. The rotary cylinder brush comprised No. 12
nylon bristles and had its axis disposed 8 inches from
rotary cup brushes.

Each plate 3 then entered into and passed through
section 200 of the apparatus, wherein the surface
thereof was sensitized and then activated. As illus-
trated, each plate was rinsed with demineralized water,
as it entered section 200 to remove any traces of ce-
rium oxide, tap water or any other undesirable matter
carried over from section 100. The rinse was per-
formed by employing a cross-fire technique wherein a
mutually opposed pair of spray guns 201 and 202 were
supported from a carriage 203 that reciprocated trans-
versely of the plates 3 on a track 204 at a rate of about
54 single passes per minute. During the reciprocating
motion of the carriage 203, demineralized water was
fed to the guns 201 and 202 in intermittent fashion
such that water was sprayed only from gun 201 when
the carriage was moving in one direction (i.e., from
bottom to top in FIG. 5), while water was sprayed only
from gun 202 when the carriage was moving in the op-
posite direction. The guns 201 and 202 were tilted
slightly toward each other to give a cross-fire effect or
sweeping action which tended to wash any excess water
from the surface of the plates.

After undergoing an initial rinse with demineralized
water, each plate advanced beneath a reciprocating
gun 211 which sprayed a dilute solution of stannous
chloride on the clean surface. The composition of the
stannous chloride solution is described below.

As the plate 3 continued to advance, it then passed
under the intermediate or second set of cross-fire rinse
guns 212 and 213. These guns were operated in the
same manner as guns 201 and 202. The plate then
passed under the palladium chloride gun 214 which
sprayed an atomized mixture of air and a dilute solution
of palladium chloride on the now sensitized surface so
as to activate the surface for the ensuing metal-boron
deposition. The composition of the palladium chloride
solution is given below.
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As illustrated, the first, second and third cross-fire
rinse guns, as well as the tin gun and the palladium gun,
i.e. all of the guns in section 200, were mounted from
a single boom that reciprocated in the transverse direc-
tion at a rate of 54 single passes per minute. Each of the
rinse guns comprised a single UniJet - T8001 spray noz-
zle (Spraying Systems Co., Bellwood, Ill.) operated at
a pressure of about 40 psig. and an average flow rate
of about 0.12 gallons of demineralized water per min-
ute. Each of the tin and palladium guns comprises a sin-
gle type C spray gun equipped with a Paasche U2, F2-8
nozzle (Paasche Air Brush Co., Chicago, Ill.) operated
at an air pressure of about 30 to 70 psig. and at a flow
rate of about 500 milliliters of the solution described
below per minute. The distance between the rotary cyl-
inder brush and the first cross-fire rinse guns 201 and
202 was 36 inches, while the distance from each gun or
gun set in section 200 to the next respective gun or gun
set was 18 inches.

Each plate was then advanced through section 300,
wherein a metal-boron containing coating was depos-
ited on the now activated surface of each plate by si-
multaneously spraying and intermixing a metal contain-
ing solution and a boron-containing reducing solution
onto the activated surface such that the metal ions
present in the contemplated metal solution became re-
duced to a transparent boron-containing metal film
which tenaciously adhered to the activated surface. For
the sake of illustration, section 300 is shown to have
four gun sets 301-304 each comprising a metal con-
taining solution gun and a mutually opposed reduced
solution gun. Section 300 also includes a mutually op-
posed pair of water spray guns 305 and 306 arranged
for cross-fire rinsing. As shown, the guns 301-304 are
supported for transverse reciprocating movement in
the manner described above. However, it should be
noted that the gun sets in section 300 were recipro-
cated in the transverse direction at a rate of 74 single
passes per minute. During operation, each of the metal
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deposition gun sets in section 300 was maintained at a 40

pressure of about 40 psig. and a flow rate of about 600
milliliters of solution per minute, while the final cross-
fire rinse guns 305-306 were operated at a pressure of
about 40 psig, and an average flow rate of about 0.12
gallon of demineralized water per minute.

The gun sets in section 300 of the apparatus were
spaced apart from those in section 200 such that the
distance between the last rinse guns in section 200 and
gun set 301 was 54 inches. In addition, gun set 301 was
spaced apart from gun set 302 such that the sprays gen-
erated from these sets (301-302) were overlapped, and
such that the residence time of each plate in the spray
area defined by gun sets 301 and 302 (spray area 1)
was as indicated in Table 4. The residence time in the
dwell area between gun set 302 and gun set 304 (dwell
area 1), the residence time in the spray area of gun set
304 (spray area II) and the residence time in the dwell
area between gun set 304 and rinse guns 305-306
(dwell area II) are also noted in Table 4. Gun set 303
was not used. The metal/reducer gun sets (301-304)
employed Paasche V2, F2-8 nozzles, while the rinse
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guns 305-306 each comprised a single UniJet - T8001
spray nozzle.

After undergoing a final water rinse under guns 305
and 306, cach plate advanced into section 400 of the
coating apparatus where it was dried with an air knife
401 comprising an elongated metal housing having an
0.002 inch delivery channel extending along the length
thereof. The knife 401 was disposed at a 45° angle rela-
tive to the advancing plate and had its centermost por-
tion spaced about 48 inches from the final rinse guns.
The air knife was operated at about 5 ounce/square
inch gauge and a flow rate of about 350 cfm. After
passing beneath the air knife, each plate passed be-
neath a Gardner-Large Area Hazemeter 501 which
measured and recorded the luminous transmittance of
the coated plates.

The ambient air temperature was about 80°F., while
the temperature of the demineralized and tap water
used throughout these examples was about 63°F. The
temperature of the metal and reducer solutions was
about 80°F. On the basis of a liter of solution, cach of
the prepared aqueous solutions employed had the fol-
lowing composition:

NICKEL SOLUTION
Nickelous acetate 5 grams
Boric acid: 2.5 grams
Sodium gluconate 9.0 grams
Hydrazine sulfate 0.5 gram

Water
Ammonium hydroxide
Ethomeen C-20*

added to 1 liter

added to pH 7.2

1 drop per liter of
solution

Acetone Sce Table 4

*Ethomeen C-20 (trudemark of Armour and Company ) is & cocoamine having an
average molecular weight of 645 and the following generalized formuta:

R N/( CH2CH20) XH

\(CHZCHZO)YH

wherein R is derived from a cocoamine and x + y
equals 10.

'REDUCING SOLUTION

Sodium borohydride
Water

Sodium hydroxide
Ethomeen C-20

0.5 gram
added to 1 liter
added to pH 11.5
-+ Y drop per liter
of solution

TIN SOLUTION

Stannous chloride
Hydrochloric acid (12N)
Water

0.2 gram
0.04 milliliters
added to 1 liter

PALLADIUM SOLUTION

Palladious chloride
Hydrochloric acid (12N)
Water

0.02 gram
0.04 milliliters
added to 1 liter

The pH of the intermixed nickel and borohydride so-
lutions was about 7.7. The bulk precipitation time, the
measured liminous transmittance, and the other signifi-
cant parameters of each run are shown in Table 4.

TABLE 4

% Acetone, Based Bulk Precipi-

Process Residence Time — Seconds

Run on volume of tation time, Luminous Transmit- Spray Dwell Spray Dwell
No. Line Speed nickel solution seconds tance percent Area ] Area 1 Area ll Area Il
I 3.75 ft/min. 0 10 17 30 30 20 40
2 4.8 ft/min. 0 10 20 25 25 16 32
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TABLE 4 —Continued

% Acetone, Bascd Bulk Precipi- Process Residence Time — Seconds
Run on volume of tation time, Luminous Transmit- Spray Dwell Spray Dwell
No. Line Speed nickel solution seconds tance percent Area | Area | Area Il Arca ll
3 4.8 ft/min. 0.05 22 18 25 25 6 32
4 4.8 ft/min. 0.10 35 17 25 25 16 32
5 4.8 ft/min. 0.20 61 16 25 25 16 32

As can be seen from the data in Table 4, the addition
of as little as 0.05 volume percent acetone into the
nickel solution more than doubled the time required
for bulk precipitation to occur. Similarly, the addition
of 0.20 volume percent of acetone increased the bulk
precipitation time greater than six-fold. In addition, it
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active, that is it should not be intimately surrounded by
or masked by interfering active radicals, such as amino,
nitro, hydroxyl and carboxyl groups, branching from
adjacent or closely spaced elements attached to the
mono-carbonyl group. Not more than 4 and preferably
not more than 2 active radicals should be present in ad-

. . 15 ..
may be noted that the luminous transmittance of the dition to the mono-carbonyl group: thus, fructose hav-
coated plates decreased when the bulk precipitation ing 5 hydroxy! groups has been found not particularly
reaction was retarded by the addition of acetone. Ac- suited to retard bulk precipitation.
cordingly, it is evident that the addition of acetone to Although specific embodiments of the instant inven-
the herein contemplated metal salt solutions will enable 5 tion have been sct forth hereinabove, the invention is
the continuous coating of an activated glass plate to a not intended to be limited thereto but includes all of
predetermined level of luminous transmittance at in- modifications and variations falling within the scope of
creased line speeds and without the adverse effects on the following claims.
the characteristics of the coating attributable to a si- What is claimed is:
multaneous occurrence of a metal deposition reaction 25 1. In the method of forming metal based films on
and a bulk precipitation reaction. “" non-metallic substrates comprising the steps of sensitiz-
1 ate ¢ S- P 1 P 1
EXAMPLE XII ing the substrd. and thpn 1mu1F‘u_1eous y contacting
the substrate with a solution containing a salt of a metal
The procedure of Example XI was followed except  selected from the group consisting of nickel, cobalt and
that the concentration of both the nickel solution and 30 iron and a solution containing a boron_containing re-
the reducer solution were .only 70 percent as concen- ducing agent wherein bulk precipitation rapidly occurs
trated as those employed in Example XI, i.e., the re- in the solution mixture, thereby inactivating it and pre-
spective solutions were formulated as follows: venting full deposition of the metal on the substrate as
a film the improvement comprising carrying out said
NICKEL SOLUTION 35 simultaneous contacting in the presence of an faffectlve
amount of at least one monocarbonyl containing com-
Nickelous acetate 3.5 grams pound selected from the group consisting of linear alkyl
Boric acid 1.75 grams ketones, saturated cyclic ketones, and condensation
Sodium gluconate 6.3 grams i >
Hydrazine sulfate 0.35 gram alcohols of linear alkyl ketones and saturated cyclic ke-
Ammonium hydroxide pH adjusted to 7.2 IR . )
e Y D e 1 Titer 40 tones to retard bulk precipitation and enhance film de
of solution position.
Ethomecen C-20 1 ?mri per liter 2. The method of claim 1 wherein said substrate is
Ol solution
Acetone sec Table § glass. . . .
. ) 3. The method of claim 1 wherein said boron-
REDUCER SOLUTION 45 containing reducing agent is an alkali metal borohy-
Sodium borohydride 0.35 gram dride and wherein said contacting is in the presence of
Sodium hydroxide pHdugjustfcd to ll }..5 a hydrazine compound.
: : t . . . .
Water “‘ﬁfioh‘,‘t’io‘,’,'m et 4, The method of claim 3 wherein said hydrazine
Ethomeen C-20 % drop per liter of compound is hydrazine sulfate.
solution 50 5. The method of claim 1 wherein the mono-carbonyl
containing compound is added to the metal containing
The bulk precipitation time, the measured luminous 501““0;‘ “}dan am;)unt from 0~051 to 10 percent by vol-
transmittance, and the other significant parameters of u“61e (’}hsal nt]kextii C(}ntzilr}lnglso uhtlon.. " .
each run are set forth in Table 5. - The method of claim 1 wherein said metal is
TABLE 5
% Acetone, Based Bulk Precipi- Process Residence Time — Seconds
Run on volume of tation time, Luminous Transmit- Spray Dwell Spray Dwell
No. Linc Speed nickel solution seconds tance percent Area | Area l Area Il Area Il
1 3.75 ft/min. 0 21 25 30 30 20 40
2 3.75 ft/min. 0.025 34 21 30 30 20 40
The data in Table 5 substantiate the results obtained nickel.

in connection with Example XI. Thus, for a fixed line
speed, it is clear that the addition of acetone to the
metal solution will significantly retard the bulk precipi-
tation reaction and simultaneously result in a coated
plate having a lower luminous transmittance.

To be effective the mono-carbonyl group should be
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7. The method of claim 1 wherein the mono-carbonyl
containing compound is selected from the group con-
sisting of acetone, methyl ethyi ketone, cyclohexanone,
diacetone alcohol and mixtures thereof.

8. The method of claim 7 wherein the mono-carbonyl
containing compound is acetone.
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9. A method of providing a transparent substrate with
a transparent film having a metallic luster such sub-
stratefilm combination having a transparency or lumi-
nous transmittance of less than about 50 percent of that
of the substrate alone comprising the steps of:

1. cleaning the substrate;

2. contacting the substrate with a solution comprising

a compound containing a metal selected from the
group consisting of tin and palladium whereby the
substrate is sensitized;

3. washing away residue sensitizing solution from
step 2;

4. simultaneously contacting the substrate with a
metal containing solution and a reducing solution
for the contemplated metal so that the solutions
mix,

the metal solution comprises a salt of a metal selected
from the group consisting of nickel, cobalt and iron
and a monocarbonyl containing compound se-
lected from the group consisting of linear alkyl ke-
tones, saturated cyclic ketones, and condensation
alcohols of linear alkyl ketones and saturated cy-
clic ketones in an effective amount to retard bulk
precipitation of metal, and

the reducing solution comprising an alkali metal bor-
ohydride and sufficient alkaline material so that the
mixture has an initial ph upon contacting greater
than 7;

5. washing away residue filming solution mixture
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from step 4: and
6. drying the filmed substrate.
10. The method of claim 9 wherein the substrate is

glass.

11. The method of claim 9 wherein:

two sensitizing solutions consisting essentially of
stannous chloride and palladium chloride are ap-
plied;

the metal salt containing solution on a one liter basis
consists essentially of

Nickelous acetate .5 - 50 grams
Acctone 0.05 - 5.0 milliliters
Boric acid 0.5 - 35 grams
Sodium gluconate 1.0 - 75§ grams
Hydrazine sulfate 0.1 - 5 grams
Wetting agent 0.01 - 1.0 grams
Ammonium hydroxide to pH 7.0 - 10.5;

the reducing solution on a one liter basis consists es-
sentially of

Sodium borohydride 0.1 - 25 grams
Wetting agent 0.01 — 1.0 grams
Sodium hydroxide to pH 10 - 12.5; and

the steps of contacting the substrate with the mixed
solutions and of washing the substrate thereafter

are repeated at least once.
* * * * *



