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This invention relates to the deposition of metals from 
the gaseous state. More particularly the invention relates 
to the deposition of nickel from nickel carbonyls by 
thermal decomposition. 

This application is related to co-pending application of 
Herman R. Nack, Serial No.324,963 filed December 9, 
1952, and assigned to the same assignee as the present 
invention. 
The deposition of nickel coatings on metals, such as 

iron and steels, has previously been practiced with vary 
ing degrees of success. Adhesion of the coating to the 
base metal, always a serious problem, has been achieved 
in a suitable manner for some applications. Efforts in 
the field have been directed to improving this adhesion 
in order that a product having a coating firmly bound 
to the base metal may be attained. These researches have 
considered the effects of various carrier gases for the 
carbonyls, the influence of flow rates, temperature, plat 
ing pressure, impurities, inter-gaseous decomposition, and 
so forth. The problem of securing a plate having suitable 
adherence to a base for all conditions of use however has remained present. 

It has now been discovered that the adherence of the 
plating of nickel deposited from nickel carbonyl onto a 
base metal, such as iron and hot or cold rolled steels, 
may be materially improved, to the extent that a long 
thin sheet of the base when coated with nickel may be 
doubled upon itself without causing a buckling or sep 
aration of the coating from the base in any degree. In 
other words the coating and base remain completely 
integral under severe mechanical stress. 

It is therefore a primary object of this invention to 
set forth a novel process for the deposition of nickel 
from nickel carbonyl. 

It is a principal object of this invention to describe 
a novel treatment of a base metal prior to the introduc 
tion of the nickel carbonyl thereto. 

It is a further object of this invention to describe a 
novel treatment of carbon monoxide gas to enhance the 
properties thereof for treatment of a base metal. 
These and other allied objectives of the invention are 

attained, generally speaking, by utilizing a catalyzed car 
bon monoxide gas both as a cleansing medium and as a 
carrier gas for the nickel carbonyl in the plating process. 
The carbon monoxide gas in accordance with the pre 

cepts of this invention is itself exposed to, that is, is passed 
over, what may be termed 'active nickel a process which 
in some not completely analyzed manner enhances the 
action of the carbon monoxide. Thus it has been dis 
covered that if a base metal to be plated is heated to a 
temperature in excess of 500 F. and carbon monoxide 
which has passed over freshly deposited nickel, is brought 
into contact with the base metal, the surface thus pre 
pared is very receptive to the metal of the nickel carbonyl 
upon subsequent plating. 
The “active nickel' has been referred to as "freshly 

prepared"; it is only necessary that the "active" nickel 
be pure metal-that is-unoxidized. Generally speak 
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2 
ing we have found that a nickel deposit which has been 
exposed to air over a weekend and consequently oxidized 
is ineffective to condition the carbon monoxide gas for 
the attainment of the objectives of this invention. 

It is to be noted however that nickel metal which is 
unoxidized may be utilized repeatedly in the production 
of plated objects without apparent loss of efficiency. 
Thus, for example, a gas plating chamber may be fitted 
with a hollow steel cylinder coated on the exterior with 
deposited nickel which has not been exposed to the at 
mosphere and the nickel contents of this tube will serve 
indefinitely to catalyze the action of the carbon monoxide gas passing therethrough. 
The method of securing the nickel deposit is not criti 

cal but deposition from the gaseous state is considered ad 
vantageous and as will hereinafter be described the nickel 
will be continually rejuvenated by the practice of the 
noted processes. 

in the process of invention the nickel over which the 
carbon monoxide passes should be at a relatively high 
temperature, that is, above 1200 F. Nickel has a ten 
dency to assist the decomposition of carbon monoxide 
into carbon dioxide and at low temperatures the equili 
brium tends to favor production of the latter with carbon 
formation which of course is undesirable. Maintaining 
the temperature high favors the carbon monoxide. 

it is to be noted also that carbon monoxide at tempera 
tures below 1525 F. is a strong reducing agent, stronger 
for example than hydrogen and it is accordingly desirable 
to maintain the carbon monoxide temperature below 
this limit. 

Accordingly while the process described hereinafter 
is operable over a wide range it is highly desirable that 
the carbon monoxide gas be maintained within the tem 
perature limits of 1200 F. to 1525 F. While carbon 
dioxide is formed more easily at the lower temperatures 
its presence to some extent can be tolerated due to the 
highly effective reducing action of the carbon monoxide 
present at the lower temperatures. Since however carbon 
may deposit on the nickel when carbon dioxide is formed 
adherence to the stated temperature range for the nickel 
and carbon monoxide gas is recommended. 
An important feature of the present invention is that 

the object to be plated need not be raised to unduly high 
temperatures to effect either the cleaning or the plating 
operation; thus with gun barrels it is generally, desirable 
when plating the interior that the barrel itself be main 
tained at 750 F. or less. With the present invention 
the carbon monoxide gas passed over the active nickel 
may suitably and preferably be heated to much higher 
temperatures as 1200 F. to 1500. F., and then brought 
in contact with the surface to be plated to effect cleaning 
of the same; the body of the barrel may be at a much 
lesser temperature, that is 500F. and the slowly flowing 
stream of hot carbon monoxide will not affect the body 
detrimentally. The resultant effect however is the at 
tainment of a surface eminently suitable for the receipt 
of the nickel coat. 
Accordingly the process of invention involves the sepa 

rate heating of a workpiece and active nickel to tempera 
tures above the normal plating range for nickel carbonyl 
and the passing of the carbon monoxide gas to the nickel 
and workpiece successively. Thereafter the temperature 
of the workpiece is permitted to drop to that of the normal 
plating range for nickel carbonyl and the temperature of 
the nickel is permitted to fall below the plating range 
this is to about 100 F. or less. 

While the temperatures of these members are falling 
a very slow flow of carbon monoxide and nickel carbonyl 
is fed over the nickel to the workpiece. This flow should 
be initiated while both the nickel and workpiece are 
above normal plating temperature. While under this 
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The following examples illustrate suitable conditions 
for the practice of the invention: 

Example I 

Workpiece (base metal)------------------------- Hot rolled steel strip Preliminary cleaning--------------------------- Abrasion plus acid and 
alcohol 

Heat up time----------------------------------- 10 minutes Workpiece temperature attained. - 800? ??. 
Cylinder temperature attained - 1250F. 
Carbon monoxide flow--------- -- 10 min.at 1/10 liters per 
Workpiece temperature (during carbon mon- 825° F-880° F. (Range 
oxide flow). ??????? ) 3 points on 

piece). 
?????! temperature (during carbon monoxide 1250 F. (maximum) 

Ow 
Cool workpiece to temperature of.-------------- 880? ?-850? ?" . 
Cool cylinder to temperature of.----------------- LeSS tham 100° F. 
Carbon monoxide and nickel carbonyl (35%) 10-15 cc. per min. for 
while cooling. - 10 min. 

Workpiece temperature-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- 850° ?.--850° F. 
9ylinder temperature--------------------- 1200°F.-100°F. Cpolicylinder to lower than plating temperature. yixilt F. 
Maintain workpiece at------------------------- ??y F-860°F. Carbon monoxide and Nickel carbonyl (35%)... I liter permin. 

Example II 

Workpiece (base metal)------------------------ Cold rolled steel strip Preliminary cleaning--------------------------- Abrasion plus degreas 
ing in hot trichloro 
ethylene treatment Heat up time----------------------------------- Opinutes . Workpiece temperature attained.-- --- 675° F. maximula 

Cylinder temperature attained---. ---- 1450. F. 
Carbon monoxide flow-------------------------- 10 min. at 1/10 liters 

per min. Workpiece temperature (during carbon mo- 630 F.-685 F. 
noxide flow). (Range over 3 points 

on piece) C????? temperature (during carbon monoxide 1,450 F (maximum) 
fiOW). - 

Cool workpiece to temperature of.-------------. 330 F-350° F. 
Cool cylinder to temperature of.----------------- Less than 100°F. 
Carbon Inonoxide and nickel carbonyl (35%) 10-15 cc, per min. for 
while cooling. 10 min. 

Workpiece temperature 685 F-340°F. 
Cylinder temperature-------- -- 1450 F-100F. 
Cool cylinderto lower than plating temperature. Maximum 100 F. 
Maintain Workpiece at------------------------- 880° F --850? ?. 
Carbon monoxide and nickel carbonyl (35%)--- i liter per min. 

In connection with the foregoing it is to be noted that 
preferable practice for the attainment of optimum adhe 
sion includes the contact of the activated metal base sur 
face with the initial carbonyl gas flow while the base is 
above the normal plating range of 250 F-450 F. for 
the nickel carbonyl. Apparently such contact insures 
that completely repetitive results will always be attained 
as far as adhesion is concerned. On the other hand in 
one instance where the carbonyl was not passed to the 
workpiece until the same was at a temperature in the 
lower end of the plating range the coating was not up 
to the usual standard. . 

It is also to be noted with regard to the specific data 
on cylinder and workpiece temperature that such meas 
urements were made by thermo-couples the leads of 
which pass through the chamber walls; the slight varia 
tions in maximum temperature between the workpiece 
and cylinder where the same are on contact are occa 
sioned by the contour of the coil with respect to these 
elements. As readings were taken at 3 points on each of 
the surfaces the figures set out are considered to be com 
pletely representative of actual conditions. 

It will be understood that the particular physical shape 
of the active nickel is not critical and that the active 
nickel may be conveniently positioned om a screen, mesh, 
on balls of a material capable of withstanding the tem 
peratures involved or may itself be in the form of a wire, 
in fact any suitable means of retaining the nickel for 
exposing to gas may be adequately employed for the 
application of invention. 

It will be understood that this invention is susceptible 
to modification in order to adapt it to different usages 
and conditions and accordingly, it is desired to compre 
hend such modifications within this invention as may fall 
within the scope of the appended claims. 
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We claim: . . . . 
1. A process of gas plating a metal body with nickel 

from nickel carbonyl, said process comprising introduc 
ing said metal body to be gas plated in an encolsure along 
with nickel metal, heating said metal body to a tempera 
ture between about 500 and 800° F. and below the 
softening point of the metal, heating said nickel metal to 
a temperature between about 1200-1525 F., passing a 
stream of carbon monoxide over said nickel metal and 
metal body while thus heated, and subsequently decreas 
ing the temperature of said nickel metal and said metal 
body, and thereafter contacting the metal body at said 
decreased temperature with carbon monoxide mixed with 
nickel carbonyl to cause decomposition of said nickel 
carbonyl and deposition of nickel onto the surface of 
said metal body. 

2. A process of gas plating a metal body with nickel 
from nickel carbonyl, said process comprising introducing 
said metal body to be gas plated in an enclosure along 
with nickel metal, heating said metal body to a tempera 
ture above the decomposition temperature of nickel car 
bonyl, heating said nickel metal to a temperature above 
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about 1200 F., flowing a stream of carbon monoxide 
over said heated nickel metal and over said heated metal 
body, and then substantially decreasing the temperature 
of the nickel metal and the metal body being plated, the 
temperature of said metal body being between about 
250-450 F., and contacting said heated metal body with 
nickel carbonyl to cause decomposition of said nickel 
carbonyl and deposition of nickel onto the surface of 
said metal body. 

3. A process of gas plating a metal body with nickel 
from nickel carbonyl, said process comprising introducing 
said metal body to be gas plated in an enclosure along 
with nickel metal, heating said metal body to a tempera 
ture of about 800 F. and below the softening point of 
the metal, heating said nickel metal to a temperature 
between about 1200-1525 F., flowing a stream of carbon 
monoxide over said heated nickel metal and over said 
heated metal body, and decreasing the temperature of 
the nickel metal to below the decomposition temperature 
of nickel carbonyl, simultaneously decreasing the flow of 
carbon monoxide through said enclosure, said metal body 
temperature being decreased to within the range in which 
nickel carbonyl heat decomposes, and then increasing the 
flow rate of carbon monoxide through said enclosure, and 
introducing nickel carbonyl therein whereby said metal 
body is plated with nickel. 

4. A process of gas plating a metal body with nickel 
from nickel carbonyl, said process comprising introducing 
said metal body to be gas plated in an enclosure along 
with nickel metal, heating said metal body to a tempera 
ture of about 650 F., heating said nickel metal to a 
temperature between about 1300-1350 F., passing a 
strean of carbon monoxide over said heated nickel metal 
and said heated metal body, and decreasing the tempera 
ture of said nickel metal below the decomposition tem 
perature of nickel carbonyl, maintaining said metal body 
heated at a temperature at which nickel carbonyl decom 
poses, and contacting the thus heated metal body with 
carbon monoxide mixed with nickel carbonyl to cause 
decomposition of said nickel carbonyl and deposition of 
nickel onto the surface of said metal body. 

5. In a process of gas plating a metal body with nickel 
by decomposition of nickel carbonyl the pretreatment 
step of heating said metal body to be gas plated to a 
temperature of between substantially above the tempera 
ture at which nickel carbonyl decomposes while flowing 
carbon monoxide in contact therewith, decreasing the 
flow of carbon monoxide thereover and the temperature 
of the metal body to approximately 250-450 F., and 
contacting the resultant heated metal body with nickel 
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carbonyl to bring about decomposition of the nickel car- 760,852 
*bonyl and deposition of nickel thereon. 1,831, 179 

1975,076 ..... --- * ? 
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