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ABSTRACT OF THE DISCLOSURE

A method for effectively increasing wear resistance of
a rubbing surface of aluminum alloy articles which com-
prises machining said rubbing surface of a cast alumi-
num alloy article in which there are dispersed fine par-
ticles of magnesium silicide or lead dichloride homogene-
ously so as to expose some of said particles on the rubbing
surfaces, and -washing out the exposed silicide or dichlo-
ride from the surface layer with an inorganic acid solution
50 as to leave fine exposed hollows in the rubbing surface
layer as oil pools.

This invention relates to a method of increasing wear
resistance of a rubbing surface of articles made of alumi-
num alloys, and especially of the inside surface of engine
cylinder or its liner made of Al-Si-Mg alloy.

Recently active researches have been made for utilizing
aluminum alloys as internal combustion engine materials
with the purpose of supplying light weight engines. How-
ever, since such alloys have been too poor in wear re-
sistance to be used for the inside surface of cylinder or
its liner, the inside surface thereof has been reinforced
by a cast iron liner inserted therein so the weight of the
engine inevitably increases. Also, studies have been made
for providing a porous chromium electroplating on the
surface of aluminum alloys, but the process therefor is
too complicated to be of practical use.

A method for enhancing wear resistance of a rubbing
surface of hypereutectic silicon aluminum alloy is dis-
closed in U.S. Pat. 3,333,579, Said method comprises
preferentially removing aluminum metal from a surface
layer of a hypereutectic silicon aluminum alloy article by
a mechanical or chemical process to expose particles of
silicon protruding above the surrounding alloy surface,
and then mechanically polishing the protruding silicon
surface. However, this method is applicable only to hy-
pereutectic silicon aluminum alloy. Since the amount of
silicon exposed on the surface varies depending on the
degree of removal of aluminum, quality control of the
resulting surface condition is extremely difficult. Further,
delicate techniques are required for smoothing the ex-
posed silicon protrusions.

The object of this invention is to provide a rubbing
surfaces on aluminum alloy articles that possess excellent
wear resistance by means of a method which can be
carried out easily and effectively.

This object may be attained according to this invention
by a process which comprises the steps of dispersing fine
particles of magnesium silicide or lead dichloride in a
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melted aluminum alloy, casting the melted alloy into a
shaped article, polishing a rubbing surface of said article
to expose some of the dispersed particles thereon, and
removing the substance of the exposed particles out of
the rubbing surface layer by washing it with an inorganic
acid solution to leave fine exposed hollows as oil pools
in the rubbing surface layer.

Other important objects and advantageous features of
the invention will be apparent from the following de-
scription and accompanying drawing, wherein specific
embodiments of the invention are set forth in detail,

FIG. 1 is a enlarged schematic sectional view of rubbing
surface layer in the basic embodiment of the present
invention; and

FIG. 2 is another enlarged schematic sectional view of
rubbing surface layer in another modified embodiment
of the present invention.

In the following description, all parts and percentages
are by weight unless otherwise indicated.

In the method of this invention, and Al-Si-Mg alloy
containing 5 to 30% silicon and 3 to 15% magnesium
can be used as the casting metal. Other similar alloys
containing several percents of other element or elements,
e.g., copper, in addition to the above-mentioned elements
can be used for the same purpose. In the course of pro-
ducing these alloys, fine particles of magnesium silicide
Mg,Si are formed when the magnesium content is suf-
ficent, and they exit uniformly dispersed in the alloy
as seen in FIG. 1 as the numeral 3. The diameter of such
particles is approximately between 5 and 100 microns.

When the surface of a shaped article, such as an engine
cylinder or its liner, manufactured by casting the above-
mentioned alloy is finished by mechanical polishing, a
smooth rubbing surface 1 as shown in FIG. 1 is formed,
and some of the fine particles 3 of magnesium silicide
existing in the surface layer 2 are exposed in the surface.
When the exposed particles are removed by a chemical
treatment, there remain numerous fine hollows 3¢ on
the surface layer 2. By utilizing these hollows as oil
pools, wear resistance of the rubbing surface is remark-
ably improved.

For the chemical washing of the surface, an aqueous
solution of inorganic acid, such as nitric acid, chromic
acid, sulfuric acid, hydrochloric acid or phosphoric acid,
in suitable concentration is used. When using an oxidizing
acid, the surface of the aluminum alloy is passivated by
this washing, and the alloy itself does not dissolve in the
above-mentioned washing agent. When using non-oxidiz-
ing acid, the surface of the aluminum alloy dissolves
slightly in the washing solution. However, as the dissolv-
ing velocity of magnesium silicide is much larger than
that of the aluminum alloy, there occurs no problem about
this matter. There may exist some other particles of silicon
metal or other intermetallic compound which are ex-
posed on the surface other than magnesium silicide. (These
metals are omitted from the drawing.) These metals do
not dissolve in the washing agent either. The necessary
time of this washing varies in accordance with the kind
and concentration of acid used.

In order that the fine hollows in the rubbing surface
be effective as oil pools, the total surface area of the
exposed hollows must occupy 5 to 50% of the whole area
of the rubbing surface.
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Further, the fine hollows must be of an adequate size
range. According to the experimental results, it has been
made clear that, when the size of the hollows is in the
range of 10 to 50 microns in diameter, the most adequate
lubrication can be achieved. It also has been found that
within the above-mentioned proportion range of silicon
and magnesium in the aluminum alloy, satisfactory re-
sults are obtained.

In another embodiment of this invention, lead dichlo-
ride is used as the substance for the fine particles dis-
persed in the metal matrix instead of magnesium silicide.
In this case, any aluminum metal can be used as the cast-
ing metal,

In this embodiment, an aluminum alloy is melted, and
2 to 10% of fine particles of lead dichloride (PbCl,) is
added to the melf at a temperature lower than 800° C.,,
and the melt is stirred well so as to effect uniform disper-
sion of the added particles. Since the density of lead di-
chloride is greater than that of aluminum alloys, the melt
must be thoroughly stirred, otherwise the particles will
settle. It must be noticed that lead dichloride is reduced
to metallic lead by decomposition when it is heated at a
temperature of 800° C. or more. Further, when the addi-
tive amount of lead dichlorate is less than 2%, the in-
creasing effect of wear resistance is not noticeable. On
the other hand, when the amount of lead dichloride add-
ed is more than 10%, the excess lead dichlorate over 10%
will settle down in the bottom part of vessel. The size of
the dispersed particles is approximately 30 microns.

The melted aluminum alloy containing dispersed lead
dichloride particles is cast into a shaped article, and the
rubbing surface thereof is made smooth by polishing,
whereby the rubbing surface, in which some of fine lead
dichloride particles are exposed, is prepared as in the
case of the first embodiment of this invention. In this
case, the particles also are represented by 3 in FIG, 1.
This surface is washed with the same kind of aqueous
solution of inorganic acid as aforesaid, or else with hot
water of about 60° C., and lead dichloride forming the
particles is removed from the surface layer, dissolving
in the washing liquor. Thus oil pools are formed in the
same way as in the first embodiment.

As a third embodiment of this invention, a method
which combines the feature of this invention with a
known technique is provided. There are known methods
for improving cylinder and ring surfaces which have been
proposed in the prior art. One of them comprises cross-
hatching and honing the contact surface of cylinders and
piston rings made of cast iron, but such method has not
been used effectively for those made of aluminum alloy.
However, when such method is combined with the method
of the present invention, wear resistance of the rubbing
surface of aluminum alloy is markedly improved.

FIG. 2 shows the aspect of such combination. First of
all, the rubbing surface 1 of an article made of an alumi-
num alloy is honed with a rough grade grind-stone on the
bias. Thus, there are formed numerous parallel grooves
4 of medium size which have depth of 10 to 20 microns.
In some cases, cross-hatched screw grooves 5 as large
grooves, approximately 20 microns in depth, may be pro-
vided on the rubbing surface by means of a lathe or other
machine tool. Further, when desired, grooves of small
size 6 which have a depth of 5 to 7 microns may be pro-
vided in a direction different from the previously provided
medium size grooves by means of a fine grade grind-stone.
The angle between the grooves and the cross section of
the cylinder is, for instance, 40° for the medium size
grooves and 60° for the small size grooves, and the effect
is more remarkable when the angle of the small grooves
is greater than that of the medium size grooves.

These grooves are communicated with the minute spaces
occupied by the dispersed particles 3 of magnesium silicide
or lead dichloride which are produced in accordance with
the above-mentioned feature of this invention. Thus pre-
pared surface layer is washed with any of the above-men-
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tioned leaching agent, and the substance filled in the ex-
posed particles and connected particles with the grooves
is removed and oil pools with enlarged and transformed
void space as shown in FIG. 2 are provided. As explained
in U.S. Pat. 3,333,579, these grooves are ineffective when
they alone are provided on the rubbing surface of an en-
gine cylinder made of aluminum alloy, but the grooves
communicated with the fine hollows as above can im-
prove the wear resistance of the rubbing surface.

This invention can be worked in a following modified
form, too. When a machined rubbing surface is treated
with an inorganic acid solution which contains a water-
soluble salt of a metal, the ionization tendency of which
is smaller than that of aluminum, not only the exposed
magnesium silicide or lead chloride particles are removed,
but also the metal of the added salt deposits on all the
surface and the inside surface of hollow and grooves. The
salts suitable for this purpose are water-soluble salts of
Fe, Zn, Mn, Mo, Pb, Sn, B, etc. Preferred concentration
of such a salt in a leaching solution is 10 to 50% or
thereabout. The hollows and grooves having the thus
formed porous meallic. deposit have improved, resulting
in further increased wear resistance of the rubbing sur-
face.

According to this invention, wear resistance of the rub-
bing surface of aluminum alloy articles can be increased
by a very simple process. Significance of this invention
is especially great in the field of manufacturing engine
cylinders or liners of aluminum alloy.

The process of the present invention will be more fully
understood with reference to the following specific ex-
amples. '

EXAMPLE 1

Cylinder sleeves of the automobile were cast using an
alloy consisting of 20% Si, 5% Mg, 4% Cu and Al re-
mainder. The microscopic examination of the machined
inside surface thereof showed that the average diameter
of the exposed particles of Mg,Si was 20 microns, and
total area of the surface of the exposed particles was
about 30% of the whole surface area. By washing the
inside surface of the cylinders with a 25% aqueous solu-
tion of nitric acid for 20 minutes, almost all exposed mag-
nesium silicide was removed.

These sleeves were fitted to an automotive gasoline
engine of forced air-cooling type. The engine charac-
teristics were: 2 cylinders, 4 cycles, inner diameter 62.5
mm., stroke 57.8 mm., total displacement 354 cc., and
compression ratio 8.5. With respect to this automobile,
a continuous running bench test was carried out under
the conditions of 7500 r.p.m., full load, and 200 hours
(10 hours per day). After the test was finished, average
abrasion of the cylinders was 17 microns, and neither
scuffing nor scoring was observed on the cylinder sur-
faces. This aluminum alloy cylinder is never inferior to
the conventional cast iron cylinder or chromium-plated
porous cylinder.

EXAMPLE 2

To the melt of a high silicon aluminum alloy con-
sisting of 20% Si, 4% Cu, 1% Mg, 1% Fe, 1% Mn and
Al remainder, 5% of fine powder of PbCl, was added
and the melt was stirred well at 800° C., and then cylin-
der sleeves of the automobile were cast from this melt.
The castings were soaked in hot water of 80° C. for
30 minutes, and the machined inner surface thereof was
furnished with a numerous number of minute hollows
which have openings on the surface. Microscopic exami-
nation revealed that the average diameter of these hol-
lows was 25 microns, the average depth was 20 microms,
and the total surface area of these hollows was 20% of
the whole surface. )

These sleeves were fitted to the same automobile as
used in Example 1, and the same test was carried out
with respect to these cylinders. After the test was finished,
the average abrasion of the cylinders was 18 micronms,
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and neither scuffing nor scoring was observed on the
cylinder surfaces.
EXAMPLE 3

Cylinder liners for an automobile were cast with a
high silicon aluminum alloy consisting of 20% Si, 4%
Cu, 6% Mg, 2% Mn and Al remainder, and the inside
surfaces were finished to predetermined dimensions. On
the surfaces there existed numerous exposed particles of
Mg,Si under the same condition as in Example 1.

In the inside surfaces of these liners, a plurality of
medium size grooves about 20 microns in depth were
provided by honing with 120J grit stone in the direction
at 40° to the cross section of the liner, and further a
plurality of small grooves about 7 microns in depth
were provided by honing with 600J grit stone in the
direction at 60° to the cross section of the liner and cross-
ing the medium size grooves. Thereafter the inside sur-
faces were finished by light lapping,.

Thus prepared grooved rubbing surfaces of the liners
were treated with a 25% aqueous solution of nitric acid
for 20 minutes, and washed with water.

These liners were fitted to the automobile gasoline
engine as described in Example 1 and a continuous run-
ning bench test was carried out under the same condi-
tions. After the test was finished, the average abrasion
of the cylinder liners was 15 microns, and neither scuffing
nor scoring was observed on the rubbing surface.

EXAMPLE 4

The inner surface of the cast-cylinder sleeves prepared
in Example 2 was further provided with a plurality of
the medium size grooves 10 to 20 microns in depth in
the direction at 40° to the cross section of the sleeve by
honing with 2007 grit stone, and further with a plurality
of small grooves 6 to 7 microns in depth in the direction
at 60° to the cross section of the sleeve, and crossing the
medium size grooves by honing with 600J grit stone, and
then the inside surface was finished with light lapping.

Thus prepared grooved sliding surfaces of the sleeves
were soaked in hot water of 80° C. and thereafter were
washed with water.

The sleeves were fitted to an automotive gasoline en-
gine of water-cooling type. The engine characteristics
were: 4 cylinders, 4 cycles, inner diameter 70.0 mm.,
stroke 76.0 mm., total displacement 1,169 cc. and com-
pression ratio 8.6. With respect to this automobile, a con-
tinuous running bench test was carried out under the
conditions of 5500 r.p.m., full load, and 200 hours (8
hours per day). After the test was finished, the average
abrasion of the cylinder was 13.5 microns, and neither
scuffing nor scoring was observed on the rubbing surface.

EXAMPLE 5

Engine liners were made by repeating the operations
of Example 3 except that a 25% agqueous solution of
nitric acid containing 20% of ferric nitrate was used as
the leaching solution. Honing and lapping were applied
in the same way.

These liners were fitted to the automotive gasoline
engine as in Example 1, and the same running bench
test was carried out. After the test was finished, the
average abrasion of the liners was 11.5 microns, and
neither scuffing nor scoring was observed on the rubbing
surface.

For the purpose of comparison, with respect to ordi-
nary cast iron liners, on the surface of which honed
grooves were provided, the same test was carried out,
and the results showed the average abrasion was 20.5
microns.

What is claimed is:

1. A method of increasing wear resistance of a rubbing
surface of an aluminum alloy article which comprises:

providing a molten metal alloy consisting essentially

- of 5 to 30 weight percent silicon, 3 to 15 weight per-
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cent magnesium and the remainder aluminum con-
taining dispersed therein particles of magnesium
silicide in the size range between about 10 to 50
microns in diameter,

casting said molten metal alloy containing said dis-

persed particles into a shaped article,

polishing a rubbing surface of the resulting cast alloy

article to expose in the rubbing surface at least some
of said dispersed particles, and

removing exposed particles of magnesium silicide from

said rubbing surface by dissolving them with an in-
organic acid solution to leave exposed hollows in
said rubbing surface to provide oil pools during
rubbing action on said surface, the total surface area
of said exposed hollows being between about 5 to 50
percent of the whole area of said rubbing surface.

2. A method of increasing wear resistance of a rubbing
surface of an aluminum alloy article which comprises:

dispersing particles of lead dichloride of about 10 to 50

microns diameter uniformily in a molten aluminum
alloy in an amount between about 2 to 10 percent by
weight based upon the weight of said alloy,

casting said molten alloy containing said dispersed par-

ticles into a shaped article,

polishing a rubbing surface of the resulting cast alloy

article to expose in the rubbing surface at least some
of said dispersed particles, and

removing exposed particles of lead dichloride from said

rubbing surface by dissolving them with a solvent
selected from the group consisting of water heated
to a temperature of 60 to 80° C. and an inorganic
acid solution to leave exposed hollows in said rubbing
surface to provide oil pools during rubbing action
on said surface, the total surface area of said exposed
hollows being between about 5 to 50 percent of the
whole area of said rubbing surface.

3. The method according to claim 1 wherein, in the
removing step, said inorganic acid is selected from the
group consisting of nitric acid, chromic acid, sulfuric acid,
hydrochloric acid and phosphoric acid.

4. The method according to claim 2 wherein, in the
removing step, said inorganic acid is selected from the
group consisting of nitric acid, chromic acid, sulfuric acid,
hydrochloric acid and phosphoric acid.

5. The method according to claim 2 wherein, in the
step of dispersing, the dispersing temperature is lower
than 800° C.

6. The method according to claim 1 wherein, after the
step of polishing, the polished rubbing surface is honed
to form numerous grooves connected to some dispersed
particles in the surface layer of the shaped article.

7. The method according to claim 2 wherein, after the
step of polishing, the polished rubbing surface is honed to
form numerous grooves connected to some of dispersed
particles in the surface layer of the shaped article.

8. The method according to claim 6 wherein the depth
of the grooves is 5 to 20 microns.

9. The method according to claim 7 wherein the depth
of the grooves is 5 to 20 microns.

10. The method according to claim 1 wherein, in said
removing step, said inorganic acid solution contains an
added metal salt, whose component metal has smaller
ionization tendency than that of aluminum, to produce a
thin deposit layer of said metal on the surface of exposed
hollows.

11. The method according to claim 10 wherein the
component metal of the metal salt is the one selected from
the group consisting of Fe, Zn, Mn, Mo, Ni, Pb, Sn and B.

12. The method according to claim 2 wherein, in said
removing step, an inorganic acid solution is used that con-
tains an added metal salt, whose component metal has
smaller ionization tendency than that of aluminum, to
produce a thin deposit layer of said metal on the surface
of exposed hollows.
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13. The method according to claim 12 wherein the
component metal of the metal salt is the one selected
from the group consisting of Fe, Zn, Mn, Mo, Ni, Pb, Sn
and B.

14. The method of claim 6 wherein, in said removing 5

step, said inorganic acid solution contains an added metal
salt of a metal selected from the group consisting of Fe,
Zn, Mn, Mo, Ni, Pb, Sn and B to produce a thin deposit
layer of said metal on the surfaces of grooves and hollows
in said rubbing surface of the aluminum alloy article.
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