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1 Claim. (61. 204-43) 

This invention relates to the method of electroplating 
aluminum or its alloys with porous hard chromium, and 
especially relates to the method of electroplating the in 
ternal surfaces of cylinders of internal combustion engine 
made of aluminum or its alloys with porous hard chro 
mium to form an exfoliation and abrasion resisting sur 
face on which lubricating oil spreads well. 

The electroplating of aluminum or its alloys with 
porous hard chromium has previously been considered to 
be very difficult for the following reasons: the existence 
of oxidized ?lm on and pin holes in the surface of the 
base metal; the erosiveness of the base metal; and the 
difference of the expansion characteristics of the base and 
applied metals. In recent years, because of rapidly in 
creasing demands for light engines, there have been many 
attempts to improve the performance of such engines by 
electroplating the internal surfaces of the cylinders of 
engines made of aluminum or its alloys with hard chro 
mium, taking advantage of its resistance to abrasion, ero 
sion and friction. Prior to the present invention, no ac 
ceptably satisfactory results have been achieved in con 
nection with the problem here under consideration. Par 
ticularly, it has been dit?cult thus far to obtain a durable 
and ?rmly adherent ?lm by electroplating with porous 
hard chromium that will permit lubricating oil to spread 
well in addition to the above characteristic peculiar to 
the hard chromium. 
The principal object of this invention is to solve the 

above mentioned problems and successfully electroplate 
aluminum or its alloys, particularly in connection with 
the internal surfaces of engine cylinders made of these 
metals, with durable and ?rmly adherent porous hard 
chromium. This objective has been achieved as the re 
sult of many studies on the pretreatment and operation of 
electroplating. 

It is among the objects of this invention to provide an 
electroplating method comprising removing the oxidized 
?lm from the surface of the base metal and making the 
surface rough by acid cleaning with a mixed solution of 
hydrochloric acid and hydro?uoric acid, then producing 
the porous oxidized ?lm by anodic oxidation in a solu 
tion of chromic acid or other acid, such as sulfuric acid 
or phosphoric acid, and then electroplating in a chromic 
acid bath with ordinary soft chromium, and further, elec 
troplating in a chromic acid bath with hard chromium, 
and ?nally electroplating with porous hard chromium by 
means of a chromic acid bath. 

The effects of the above method may be explained as 
follows: -In the ?rst place, the oxidized ?lm on the metal 
surface can be remove-d by the action of hydrochloric 
acid and hydrofluoric acid, since aluminum or its alloys 
are cleaned by the mixed solution of hydrochloric acid 
and hydrofluoric acid, and at the same time, the metal 
surface can be made rough. In the second place, al 
though an oxidized ?lm may be produced on the metal 
surface due to anodic oxidation in the solution of chromic 
acid, it will serve to increase the depth of the holes pro 
duced as result of the process. Consequently, the lad 
herence of the plating ?lm increases, since the electroplat 
ing is effected through these holes, and the plating ?lm 
will adhere to the metal surface more effectively than in 
conventional pretreatment methods that employ anodic 
oxidation only. In the third place, since ordinary soft 
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2. 
chromium is electroplated in a chromic acid bath, the 
above e?ect will occur, and it is also possible to perform 
the electroplating operation comparatively easily and pro 
duce a ?rm bond. In the fourth place, sufficient adhe 
sion on the same metal can be obtained since hard chro 
mium is electroplated on a soft chromium plating ?lm, 
and since the base surface of aluminum or its alloy is 
coated ‘with the plating ?lm of soft chromium, the elec 
troplating of hard chromium ‘which has been considered 
comparatively dif?cult can be performed readily to pro 
duce a ?rm bond regardless of the nature of the base 
‘metal. In the ?fth place, since porous hard chromium is 
electroplated on the hard chromium plating ?lm and, as 
in the above process, the plating is performed on the 
same metal, su?icient adhesion is ensured, and it is also 
possible to electroplate with porous hard chromium irre 
spective of the base material since the two chromium 
plating layers, soft and hard chromium layers, exist al 
ready. Thus, according to the invention, the above 
mentioned two processes are especially employed, and 
moreover, the three plating layers of electroplated soft, 
hard and porous hard chromium are produced in turn 
so that perfect adhesion may be performed and the re 
sistance to abrasion, erosion and heat will be acquired. 
As a result, porous hard chromium of good quality on 
which lubricating oil will spread well can be plated on 
the internal surfaces of engine cylinders by employing 
this method. 
A preferred form of this invention is set forth as fol 

lows. 

(l) Pretreatment: 
A. Acid cleaning 

Composition of solution 
Hydrochloric acid ____percent__ 15 
Hydro?uoric acid _____ __do____ 5 

Soaking time ______________ __min__ 5 
Temperature ________ __ Normal temperature 

B. Anodic oxidation 
Composition of bath—-Chromic acid 

g/l__ ‘100 
Current density (anode) __A/dm.2__ 50-70 
Temperature ______________ _..° __ 50 
Treatment time ____________ __min__ 3-10 

(2) Electroplating operation: 
A. Electroplating with ordinary soft chromium 

Composition of bath 
Chromic acid __________ __g/l__ 400 
Sulfuric acid __________ __g/l__ 4 

Voltage ____________________ __v__ 4.5-5 
Current density (cathode) _A./dm.2__ 35-45 
Temperature ______________ __° C__ 25-30 
Electroplating time __________ __hr__ 1 

B. Electroplating with hard chromium 
Composition of bath 

Chromic acid __________ __g/l__ 200 
Sulfuric acid __________ __g/l__ 2 

Voltage ____________________ _ _v_ _ 3 .8-4 

Current density (cathode) _A./dm.2__ 50-60 
Temperature ______________ __° C__ 30-55 
Electroplating time __________ __hr__ 1 

C. Electroplating with porous hard chromium 
Composition of bath 

Chromic acid __________ __g/l__ 200 
Sulfuric acid ___' _______ __g/l__ 2 

Voltage ____________________ __v__ 4-4.5 
Current density (cathode) __A/dm.z__ 80-100 
Temperature ______________ __° C__. 50-55 
Electroplating time __________ __hr__ 1 

What I claim is: ‘ 
A method of electroplating articles of aluminum and 

its alloys with porous hard chromium comprising clean 
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ing said articles by the mixed solution of hydrochloric 
acid and hydro?uoric acid, then treating ‘by means of 
anodic oxidation in a solution containing approximately 
100 grams per liter of chromic acid While maintaining 
the temperature of the solution at approximately 50° C. 
and While maintaining the anodic current ‘density in the 
range of from 50 to 70 amperes per square decirneter for 
from 3 to 10 minutes, and then electroplating with ordi 
nary soft chromium in 1a chromic acid bath containing 
sulfuric acid and approximately 400 grams per liter of 
chromic acid while maintaining the sulfuric acid within 
a range of a ratio of chromic acid to sulfuric acid of ap 
proximately 100 to 1, land while maintaining the tempera 
ture of the bath within the range of 25° to 30° C. and 
while maintaining the current density (cathode) in the 
range of 35 to 45 amperes per square decimeter and the 
voltage in the range of 4.5 to 5 volts for 1 hour, and next, 
electroplating with 'hard chromium in a chromic acid 
bath containing sulfuric acid and approximately 200 
grams per “liter of chromic acid while maintaining the 
sulfuric acid within a range of a ratio of chromic acid 
to sulfuric acid of approximately 100 to 1, and while 
maintaining the temperature of the bath within the range 
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of 30° to 55° C. and while maintaining the current 
density (cathode) in the range of 50 to 60 amperes per 
square decimeter and the voltage in the range of 3.8 to 4 
volts for 1 hour, and lastly, electroplating with porous 
hard chromium in a chromic acid vbath containing sul 
furic acid and approximately 200 grams per liter of 
chromic acid while maintaining the sulfuric acid Within 
a range of a ratio of chromic acid to sulfuric acid of ap 
proximately -100 to 1, land while maintaining the tem 
perature of the bath within the range of 50° to 55° C. 
‘and While maintaining the current density (cathode) in 
the range of 80 to 100 amperes per square decimeter and 
the voltage in the range of 4 to 4.5 volts for 1 hour. 
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