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The present invention relates to chemical plating; more 
particularly it is concerned with a process for the produc 
tion of metal coatings l5'y chemical means. 

For chemicals plating from aqueous solutions sodium 
hypophosphite and alkali metal borohydride have‘ been 
used until now. The hypophosphite process for plating 
necessitates temperatures above 90° C. This relatively 
high plating temperature limits the plating of plastics to 
a narrow range, since a great number of plastics, especial~ 
ly foils, are deformed already at above 90° C. This 
is also the reason for the unsatisfactory adhesiveness of 
metal coatings on plastics. Furthermore, hypophosphite 
baths require narrow pH ranges which have to be ad 
justed by the addition of suitable butler substances. On 
the other hand, the borohydride process is carried out at 
low temperatures, for example between 20 and 50° C., 
and at a pH range of 10-14, preferably in 2 N ammonia. 
The coatings thus obtained are strongly adherent to plastic 
surfaces and their conductivity is relatively low. 
The principal object of the invention is to provide a 

process for the production of metal coatings by chemical 
means. 

Further objects will become apparent from the following 
description. 
The objects of the invention are accomplished by treat 

ment of the objects to be coated with an aqueous metal 
salt solution and a reducing agent, said treatment consist 
ing in that an aqueous metal salt solution and at least one 
boron-nitrogen compound which carries one to three hy 
drogen atoms at the boron atom and at least one organic 
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group at the nitrogen atom to act on the objects to be ‘ 
metallised. ' 

B—N compounds to be considered for this process are 
for example N-alkyl-borazanes and N-alkylborazoles. 
The following compounds are preferably used: 

(a) Borozanes, R3N—BH3 
(b) Borazenes, R2N—BH2 
(c) Borazines, RN—BH 
(d) Borazoles, (RN—BH)3 
R denotes an alkyl or aryl radical or H, as for instance 
N,N',N"-trimethylborazane, N,N'-dimethy1borazane, N 
monomethyl-borazane, N,N'-dimethyl-borazene and the 
like. 

N-monomethyl-borazane, N,N' - diethyl - borazane, N, 
QIXNQN" - triethyl - borazane, N - isopropyl - borazene, N 

f isopropyl - borazine, N -. trimethyl - borazole etc. 
Alcohols or water-soluble ethers may be used as solu 

bilizers, for example methanol, ethanol, dioxane, diethyl 
leneglycol dimethyl ether and the like. 
The concentration of the metal salts used for chemical 

plating such as nickel, cobalt, iron-II or zinc salts, may 
vary within wide limits. 
Due to the great number of B—N compounds the 

plating is possible at practically any‘pH value. When 
working in the alkaline range, the metals are kept dis 
solved by suitable complex formers, for example am 
monia, potassium-sodium tartrate, sodium citrate, ethyl 
ene-diamine and the like. i 
The plating temperatures comprise the range between 
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20 and 100° C. Thus, for example, chemical plating is 
possible at the following temperatures. 

Reducing agent: Range "?ltf‘gperatm 
N-monomethylborazane _______________ __ 25-35 

N,N’-d.imethylborazane ________________ __ 35-60 

N-isopropylborazene __________________ __ 30-50 

N-tn'methylborazole ___________________ _.. 50-60 

N,N',N"-trimethylborazane ____________ __ 60-80 

N,N',N"-triethylborazane ______________ __ 85-95 

The coating obtained according to the process for 
chemical plating with B—N compounds on metal surfaces 
such as iron, steel, copper, brass, aluminium etc. or on 
plastic surfaces such as acetyl cellulose, polyglycol-tere 
phthalate, polyacrylonitrile etc. are smooth, lustrous and 
adhesive. 
The adhesiveness of these coatings to plastic surfaces 

is so strong that they can only be removed by destroying 
the plastic surface. The coatings exhibit metal con 
ductivity. They can be reinforced galvanically Without 
intermediate treatment. 
Compared with the known processes for chemical platt 

ing, the use of B—N compounds as reducing agent for 
metal deposition on metal and plastic surfaces offers the 
following advantages: 
(a) Variety in the choice of reducing agents 
(b) Range of plating temperature between +20° C. and 

100° C. 
(0) pH range between 2 and 14 
(d) Economy of the process 

The economy of the process becomes apparent when 
investigating the reduction equivalents. With the use of 
sodium hypophosphite, for example, 4-4 g. of NaH2PO2 
are required per reduction equivalent; with the use of N 
monomethyl borazane there are required 7.5 g. of 
CH3NH2—BH3, with N,N'-diethyl-borazane, 14.5 g. of 
(C2H5).2NH—BH3. 

Since mixtures of anhydrous metal salts and B-N com 
pounds do not react with one another, these mixtures can 
be marketed. The desired plating bath is obtained by 
introducing such a mixture into water. 
The following examples are given for the purpose of 

illustrating the invention. ' 

Example 1 

A foil of polyglycol-terephthalate is consecutively pre 
treated in the following baths: 

(a) 200 g. of sodium hydroxide+0.5 g. of an alkyl sul 
fonate of the Mersolate type+800 g. of water; dura 
tion of stay, 5 minutes; temperature, 50-60° C. 

(b) 100 g./litre of zinc (II) chloride+200 cc./litre 
of concentrated hydrochloric acid+0.5 g./litre of an 
alkyl sulfonate of the Mersolate type; duration of stay, 
5 minutes; temperature, 50-60° C. 

(c) 0.5 g./litre of palladium chloride+10 cc./litre of 
concentrated hydrochloric acid; duration of stay, 5 
minutes; temperature, 20-30° C. 

The chemical plating is carried out in a borazane bath 
of. the following composition: 
45 g./litre of nickel chloride 
5 g./litre of cobalt chloride 
160 cc./litre of a concentrated ammonia solution 
1 g./litre of N-methylborazane 
50 cc./litre of methanol 

The bath temperature is 25-35 ° C., the duration of stay 
is .5 minutes. A silvery coating is thus obtained having 
a resistance of 0.2 to 0.5 ohm/cmP. 
A coating of equal properties is obtained if N-methyl 

vborazane is replaced by N-ethyl-borazane. 
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Example 2 

A foil of acetyl cellulose is subjected to a pretreat 
ment in the baths: 

(a) 100 g. of sodium hydroxide+0.5 g. of an alkyl sul 
fonate of the Mersolate type+900 g. of'water 

(b) and 
(c) as in Example 1 

and chemically plated in a bath of the following, com 
position: 45 g./litre of nickle chloride, 160 cc./litre of 
a concentrated ammonia solution, 1.5 g./litre of N,N'-di 
methylborazane, 6O cc./litre of ethanol. _ 
The bath temperature is 35-45 ° C., the duration of stay 

is 5'minutes. _A silvery coating is thus ‘obtained having 
a resistance of 0.4 ohm/cm? 

Copper, iron or brass may also be coated in a bath of 
the same composition. _ l 

Example'j’ 
A foil of cellulose acetobutyrate is subjected to the 

pre-treatment of Example 2 and chemically plated in a 
bath of the following composition: 100 g./litre of nickel 
sulphate, 10 g./litre of N,N',N"-trimethyl-borazane, 1.0 
cc. of N/l hydrochloric acid, 30 cc./litre of tertiary bu 
tanol. 
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The bath temperature is 60—80°‘ C., the pH value is ‘ 

4.5, the duration of stay is 5 minutes. _ 
coating is thus obtained with a resistance of 0.8 ohm/ 
cm.2. 

Example 4 

100 g. of nickel sulphate are dissolved in 500 cc. of 
water and 400 cc. of methyl alcohol and 3 g. of N-ethyl 
borazane are added thereto. A strongly adhesive com 
pact nickel coating is obtained on a copper sheet intro 
duced 'into the solution heated to 50-60° C. 

Example 5 

100 g. of cobalt sulphate are dissolved in 500 cc. of 
water and a solution of 3 g. of N,N’-diethyl-borazane in 
500 cc. of methanol is added thereto. A, brass sheet is 
suspended in this solution heated to 60—70° C. A strong 
ly'adhesive cobalt coating is formed on the brass sheet. 
Coatings on copper and iron can be produced in the same 
solution. Plastics‘ can likewise be plated in this solution 
after a suitable pre-treatment. 

Example 6 V 

100 g. of nickel sulphate are dissolved in 500 cc. of 
water, and 500 cc. of methanol and 3 g. of N,N’-diethy1 
borazane are added thereto. After preliminary treatment 
as described in Example 1 or 2, iron, brass, copper and 
plastics can be provided at 60—70° C. with a strongly ad 
hesive nickel coating. 

Example 7 

50 g. of nickel sulphate are dissolved in 500 cc. of 
water and 250 ml. of diethylene-glycol dimethyl ether 
(Diglym) and 5 g. of N,N',N"-triethyl-borazane are 
added thereto. The pH value is adjusted to 2~4 with 
acid. A suspended copper sheet is coated at 85-95" C. 
with a strongly adhesive nickel layer. 

Example 8 

A polyglycol-terephthalate foil is pre-treated as de~ 
scribed in Example 1 and chemically plated in a bath of 
the following composition: 30 g./litre of iron (H) sul 
phate, 100 g./litre of sodium citrate, 30 g./litre of nickel 
sulphate, 60 gf/litre of Seignette salt, 3 g./litre of N,N’ 
dimethyl-borazane, 50 cc./litre of methanol. 
The pH value is adjusted to 8—9 with sodium hydroxide 

solution, the temperature is 60—70° C. An iron-nickel 
coating is thus obtained which adheres strongly to the 
foil. Iron, brass vand copper can also be chemically 
plated in the same bath. The coat contains about 70% 
of iron. 

Silvery metal , 
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Example 9 

An iron, copper and brass sheet having the dimensions 
50 mm.x100 mm. is introduced, after degreasing, into 
a bath of the following composition: 30 g./litre of iron 
(II) sulphate, 10 g./litre of cobalt sulphate, 50 g./litre 
of Seignette salt, 2 g./litre of N,N’-dimethyl-borazane, 
50 cc./litre of ethanol. 
The pH value is adjusted to 8—10 with a sodium hy 

droxide solution, the plating temperature is 80-900 C. 
An adhesive iron-cobalt coating is obtained on all plates. 
Plastics can also be chemically plated in the same bath 
after a preliminary treatment as described in Example 1. 

Example 10 

(a) 5 g. of nickel sulphate, 5 g. of cobalt chloride, 5 g. 
of ammonium chloride and 5 g. of zinc chloride are dis 
solved in water. 160 cc. of a concentrated ammonia 
solution are added thereto and the mixture is made up 
to l'litre with water. After the addition of 2 g. of 
N,N'-dimethyl-borazane and 50 cc. of dioxane, copper, 
iron, brass and plastics can be coated with an adhesive 
Ni-Co-Zn layer after preliminary treatment as de 
scribed in Example 1. 

(b) Nickel-zinc coatings are obtained‘from a bath of 
the following composition: 5 g./litre of nickel chloride, 
5 g./litre of zinc chloride, 5 g./litre of ammonium chlo 
ride, 160 cc./ litre of concentrated ammonia, l-2 g./litre 
of N’-mono- or N,N'-dimethyl-borazane, 50 cc./litre of 
methanol. The bath temperature is 40—60° C. The coat 
ings contain up to 20% of zinc. 

Example 11 
In a bath of the following composition: 50 g. of nickel 

sulphate, 500 ml. of water, 500ml. of methanol, 2 g. of 
N,N’-dimethyl-borazane, plastics, copper, iron and brass 
can be plated adhesively at pH 5-6 and a temperature 
of 35-45 ° C. after preliminary treatment as described 
in Example 1. I 

N,N'-dimethyl-borazene is prepared by heating dimeth 
yl-borazane under a nitrogen stream at 400 mm. Hg and 
130° C. The analysis corresponds to dimethyl-borazane. 

Example 12 

.Iron, copper, brass and plastics can be chemically 
plated so as to be adhesive at pH 5-6 and 30—40° C. in 
a bath of the following composition: 50 g. of nickel 
sulphate, 500 cc. of water, 500 cc. of methanol, 1—2 g. 
of a mixture of N-isopropyl-borazane and N-isopropyl 
borazine. 

Chemical plating with a borazene-borazine mixture 
can also be carried out from ammoniacal baths at a tem 
perature between 30 and 50° C.: 25 g. of cobalt chloride, 
25 g. of nickel chloride, 160 cc. of ammonia, 750 cc. of 
water, 1—2 g. of a mixture of N-isopropyl-borazene and 
N-isopropyl-borazine, 100 cc. of methanol. 

Example '13 
100 g. of nickel sulphate are dissolved in 500 cc. of 

water, 500 cc. of methanol are added thereto and the 
mixture is heated to 50° C. After the addition of about 
2-3‘g. of N-isopropyl-borazine, plastics, brass, iron and 7 
copper can be chemically plated. 

N-isopropyl-borazine is obtained by further heating 
of the 'benzene-borazine mixture used in Example 12. 
The analysis corresponds to a 99% N-isopropyl-borazine. 

Example 14 

(a) 100 g. of nickel sulphate are dissolved in 500 cc. of 
Water, 500 cc. of methanol are added and the mixture is 
heated to 50—60° C. After the addition of 2 g. of N 
trimethylborazol copper, iron, brass and pre-treated 
plastics can be chemically plated. 

(b) 25 g. of cobalt chloride and 25 g. of nickel chlo 
ride are dissolved in 700 cc. of water. After the addi 
tion of 200 cc; of dioxane and 2 g. of N-trimethyl 



3,140,188 
5 

borazole, pre-treated plastics, iron, brass and copper can 
be chemically plated at 50—60° C. 

N-trimethyl-borazole is obtained by heating N-mono 
methyl-borazane to 120° C. under a nitrogen stream at 
400 mm. Hg. The analysis corresponds to N-trimethyl 
borazole. 
We claim: 
1. A bath for the plating of metal and plastic surfaces 

by chemical deposition, comprising an aqueous solution 
of at least one metal salt selected from the group con 
sisting of cobalt, nickel, iron II and zinc and at least one 
boron nitrogen compound selected from the group con 
sisting of: 

(a) borazanes of the formula R3N—BH3 
(b) borazenes of the formula R2N—BH2 
(c) borazines of the formula RN—BH 
(d) borazoles of the formula (RN—Bl-Ds 

wherein R is selected from the group consisting of alkyl, 
aryl, hydrogen, and wherein at least one R is of the group 
alkyl and aryl, and organic compound solubilizing the 
boron nitrogen compound in the aqueous medium and 
selected from the group consisting of alcohols and water 
soluble ethers, the said boron nitrogen compound being 
a reducing agent in said solution in a pH range from 2 to 
14 and at a temperature range from 20 to 100° C. 

2. A bath as claimed in claim 1, wherein the plating 
bath contains 50 grams of nickel sulfate, 500* ml. of water, 
500 ml. of methanol, 1 to 2 grams of a mixture of N 
isopropyl borazane and N-isopropyl-borazine, the bath 
having a pH value between 5 to 6 and a temperature be 
tween 30 and 40° C. 

3. A bath according to claim 1, wherein the plating bath 
contains 25 grams of cobalt chloride, 25 grams of nickel 
chloride, 160 ml. of ammonia, 750 ml. of water, 1001 ml. 
of methanol and 1 to 2 grams of a mixture of N-isopropyl 
borazane and N-isopropyl borazine. 

4. A bath according to claim 1, wherein the plating 
bath contains 100 grams of nickel sulfate, 500 m1. of 
water, 500‘ ml. of methanol, 2 grams of N-trimethyl 
borazole. 

5. A bath for the plating of iron, brass and copper 
which bath contains 25 grams of cobalt chloride, 25 
grams of nickel chloride, 700 m1. of water, 200 ml. of 
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dioxane and 2 grams of N-trimethyl borazole, the bath 
having a temperature between 50 and 60° C. 

6. A bath for the plating of brass, copper and iron 
which contains 100 grams of cobalt sulfate, 500‘ ml. of 
water, 500 ml. of methanol, 3 grams of N,N’-diethyl 
borazane, the bath having a temperature between 60 and 
70° C. 

7. A bath for the plating of metal and plastic surfaces 
by chemical deposition, comprising an aqueous solution 
of at least one metal salt selected from the group con 
sisting of cobalt, nickel, iron II and zinc, and at least one 
boron nitrogen compound selected from the group con 
sisting of: 

(a) borazanes of the formula R3N-—BH3 
(b) borazenes of the formula R2N--BH2 
(c) borazines of the formula RN—BH 
(d) borazoles of the formula (RN—BH)3 

wherein R is selected from the group consisting of lower 
alkyl having at least 2 carbon atoms, aryl, and hydrogen, 
and wherein at least one R is of the group alkyl and aryl, 
and an organic compound solubilizing the boron nitrogen 
compound in the aqueous medium and selected from the 
group consisting of alcohols and water-soluble ethers, 
the said boron nitrogen compound being a reducing agent 
in said solution in a pH range of from 2 to 14 and at a 
temperature range of from 20—l00° C. 

8. A bath according to claim 1 wherein the boron 
nitrogen compound is a water-insoluble borazane. 

9. A bath according to claim 7, wherein the boron 
nitrogen compound is a water-insoluble borazane. 
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