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ABSTRACT OF THE DISCLOSURE

Method of treating the surface of a hypereutectic sili-
con aluminum base alloy article which comprises the steps
of preferentially removing aluminum from and polishing
surface layer of the article to provide plateaus of silicon
which are substantially free of sharp edges where they
protrude above the surrounding surface and the resultant
high silicon aluminum base alloy article having plateaus
of silicon above the surrounding surface thereof which
are substantially free of sharp edges.

This invention relates to a novel method for the pro-
duction of a low friction surface on the face of high
silicon aluminum base alloys. More particularly, the
invention concerns a novel method of treating the work-
ing surfaces of engine cylinders made of high silicon
aluminum alloys to impart to said surfaces increased re-
sistance to scuffing and scoring and corrosion.

In the automotive industry, it is standard practice to
prepare internal combustion engines for service by msans
of a break-in or run-in operation. The run-in is intended
to establish proper cylinder and piston ring surface con-
ditions whereby these parts attain compatibility in as
short a time as possible under specific load and tem-
perature conditions. The formation of an optimum sur-
face finish, particularly on the cylinders, reduces the
run-in time and increases the operating life of the engine
parts. It is usually difficult to achieve good piston ring
and cylinder surface compatibility under run-in condi-
tions, with the result that scuffing and scoring of the
compression ring and cylinder surfaces occurs, shorten-
ing engine life, promoting wear corrosion, and loss of
compression. Methods to improve cylinder and ring sur-
faces which have been proposed in the prior art include
cross-hatching of cylinder surfaces and filling the grooves
with a lubricant such as graphite, or the successive lap-
ping of cylinder walls with coarse and fine lapping com-
pounds. These methods have had limited success in the
case of engines employing cast iron cylinders and piston
rings. .

In the development of automotive engines employing
cast aluminum cylinder blocks, or employing aluminum
cylinder liners in cast iron cylinder blocks, and aluminum
piston and rings, the achievement of cylinder-ring com-
patibility has proved a much more serious obstacle than
in the case of conventional iron engine parts, and prior
to the present invention, had remained unsolved. Thus,
even where engines utilized aluminum cylinder blocks,
as well as an aluminum crankcase and an aluminum cyl-
inder head, it was still necessary to resort to the use of
cast iron cylinder sleeves in the block. .

Efforts to operate engines with bare aluminum or
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aluminum alloy pistons or rings on bare aluminum walls
resulted in unsatisfactory low temperature compatibility,
partly because the aluminum surfaces are not character-
ized by persistent oil retention, as in the case with iron
surfaces. The oil drains off the aluminum surface, re-
sulting in scuffing and scoring, when the parts are brought
together in sliding motion through piston ring engage-
ment.

The aluminum casting alloys otherwise are well suited
for the production of engine blocks, c¢ylinder heads, and
other motor parts. These alloys include alloying ele-
ments such as silicon either alone or in combination
with, magnesium, or copper, or combinations of these
elements. Silicon is essential for many reasons including
that it improves a fluidity of the molten aluminum in
the casting operation, decreases leaks in the finished cast-
ing, and contributes to strength and weldability.

In accordance with the invention, it has been found
that high silicon aluminum base alloys can be provided
with a low friction surface by a novel process compris-
ing the step of preferentially removing aluminum at the
surface of the alloy to expose particles of silicon pro-
truding above the surrounding aluminum alloy surface,
thereby enriching the surface in silicon, and [then] me-
chanically polishing the protruding silicon surfaces [to
form a glaze-like surface or finish on the alloy].

The expression high silicon dluminum base alloys as
employed herein refers to hypereutectic aluminum base
casting alloys containing up to about 20% silicon by
weight, as well as to such alloys which further contain
from about 3% to about 11% copper, or from about 7%
to about 9% magnesivm. An alloy which has proved
especially useful for engine block and piston manufac-
ture and which is readily adapted to treatment in ac-

5 cordance with the invention is a hypereutectic aluminum

base alloy containing about 16-18% silicon, together
with about 4.2—4.9% copper and small amounts of mag-
nesium, iron and titanium. The alloy is advantageously
subjected to a preparatory treatment in molten condition
by the addition of about 0.01% sodium and about 0.75%
of a powdery phosphorous admixture identified as Al-
phosit, by weight, in conventional manner, so as to de-
velop a silicon particle size in the cast condition of
typically 10 to 40 microns (compared to about 50-100
micromns in the absence of such treatment).

The ‘novel treatment of the invention is believed to
transform the sharp protruding edges of the silicon par-
ticles or crystals extending above the surface of the alloy
into comparatively flat plateaus of silicon which provide
a low friction finish of remarkable smoothness and. hard-
ness. This finish renders the aluminum alloy thus treated
especially suitable for wear surfaces, such as those of
cylinders and pistons and piston rings of engines, as well
as bearing surfaces of all types.

An enriched silicon surface of the kind provided by
the method of the invention would not result from the
application of conventional honing, lapping or etching
method which attacks and removes the silicon particles in
the alloy as well as the aluminum, leaving no basis for
the subsequent formation of a silicon glaze.

In accordance with the invention, the preferential re-
moval of aluminum at the surface of the alloy to expose
particles of silicon protruding above the surface, thereby
enriching the surface in silicon, may be performed either
mechanically or chemically.

According to a first aspect of the invention, the prefer-
ential removal of aluminum is carried out by first lapping
the surface of the alloy to a rough finish, employing for
this purpose any suitable rough lapping composition,
such as, for example, a mixture of aluminum oxide or
silicon carbide and a mineral oil.
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The removal of the aluminum is then accomplished, in
ccordance with the invention, by employing as a lapping
ompound a suspension or dispersion of finely divided
lemental silicon in a mineral oil, and honing the alloy
urface therewith to produce initially a preferential at-
ack on the aluminum alloy matrix, removing the alu-
ainum, and forming a surface in which the silicon crystals
re very little attacked and extend or protrude above the
lloy surface. As the honing with the silicon-oil lap
omposition is ‘continued, the sharp edges of the pro-
ruding alloy silicon are levelled off, and at the same time
ome silicon from the lap composition is deposited. This
roduces, in effect, a conditioning of the alloy surface
o provide a low-friction glaze finish of great resistance
o scuffing and scoring, and to wear corrosiom.

The lap composition comprises a mixture of elemental
ilicon and a mineral oil, forming a paste. The clemental
ilicon is preferably of high purity, for example 98% Si.
“he silicon is in finely divided condition, the average parti-
le size ranging from about 2 to about 200 microns,
referably about 150 microns. The mineral oil phase is
referably an automotive engine oil, such as, for exam-
e, a 10-W grade engine oil, but any suitable lapping
il, or an oil of the type conventionally used as an engine
un-in oil may be employed. The silicon and the mineral
il are admixed in a proportion ranging from about 40%
ilicon and about 60% oil to about 85% silicon and about
5% oil, by weight. The preferred proportion is 70%
ilicon to about 30% oil, by weight.

The honing or lapping operation employing the novel
apping composition of the invention may be performed
vith any conventional type of honing equipment, for
xample, a machine employing a vitrified bonded fused
Jumina honing stone, to which the lapping composition
s applied. Where, for example, the object to be honed
s a cast aluminum alloy cylinder block, the surfaces of
he board or reamed or cast cylinders can be completely
moothed and provided with a glaze surface by the use
if honing machines of the vertical type wherein the hon-
ng tool is rotated and reciprocated while the work is
ield stationary, by suitable power actuating means. The
toning stones or abrasive elements are expanded radial-
y outward to exert a substantial pressure on the cylinder
urfaces, while at the same time they are rubbed over
he surfaces with simultaneous rotational and recipro-
-atory movements,

. In accordance with the second aspect of the invention,
he preferential removal of the aluminum from the alloy
nd exposure of the silicon is carried out by a chemical

reatment. The exposure of the silicon particles may be !

iccomplished, in accordance with the invention, by dis-
olving away the surrounding aluminum with either an
icid or an alkaline treating bath.

The acid treating bath is advantageously an aqueous
nineral acid solution of the type employed in etching
ind bright dipping of aluminum alloys. For the treatment
if high silicon alloys, it is advantageous to use a solution
»f phosphoric acid and nitric acid, or of nitric acid and
iydrofluoric acid. A preferred type of treatment bath is
e having the composition, by volume, from about 60%
o about 90% phosphoric acid (85% grade), from about
1% to about 15% of nitric acid (70% grade), remainder
vater up to 15%. A small amount of a wetting agent may
se included in the bath. The surface is treated with this
olution for a period of from 30 seconds to 3 minutes,
it a temperature of the bath between about 180° F. and
ibout 220° F. A preferred practice of the acid treatment
nvolves the use of a bath composed of 80% by volume
f 85% grade phosphoric acid, 15% by volume of nitric
icid (70% ), and 5% water, treatment time being of the
irder of 45 seconds.

Alternatively, there may be employed for aluminum
emoval an alkaline type treating bath, such as a solu-
ion of sodium hydroxide or sodium carbonate, which
acludes a small amount of sodium gluconate. There may
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be advantageously employed a solution of sodium hy-
droxide containing from about 3 to 9 ounces (2% to 6%)
of solid sodium hydroxide per gallon of solution, the
preferred concentration being about 6 ounces (5%)
NaOH. Sodium gluconate is present in about 0.01 1b. per
gallon. The treatment temperature range is from about
90° F. to about 160° F., preferably about 130° F., while
the time of treatment is from 1 to 10 minutes, preferably
about 2.5 minutes.

The silicon particles and crystals thus exposed by
chemical treatment of the alloy, and protruding above
the alloy surface, are conditioned by the treatment and
when subjected to mechanical deformation, as by lapping
or polishing, form a dense smooth glaze finish upon the
alloy surface. This mechanical treatment may be accom-
plished by means of the lapping composition of silicon
and mineral oil previously described. It may also be
accomplished by the application of a metal surface under
pressure, as in the case of a cylinder and piston, or of
a bearing element.

When applied to aluminum alloy engine cylinders, the
glaze finish of the invention results in increased wear
compatibility with piston surfaces, as well as increased
corrosion wear protection. Moreover, the lubrication is
improved by reason of better wettability of the glaze
coated cylinder and piston ring surfaces toward the
Jubricating oil. Another advantage of the invention is the
ability to conduct the break-in or run-in procedure with
greatly reduced operating time, and at low temperatures,
with substantial absence of scuffing and scoring and cor-
rosion effects.

The beneficial effects of the glaze finish of the inven-
tion in high silicon aluminum base alloy engine cylinders
and other components may be demonstrated by means
of an accelerated cold scuff test. In this test, the glaze
finished engine is run for 12 minutes at room tempera-
ture, and then the water jacket temperature is reduced
by circulating refrigerant therethrough at a temperature
of 30° F., and the engine is run under these conditions
for an additional 235 hours. When the engine is disas-
sembled for inspection and measurement, it is found that
excessive scuffing and scoring are eliminated.

The practice of the invention is illustrated by the fol-
lowing examples, which are not, however, to be considered
as limiting.

EXAMPLE 1

A Renault type I water-cooled automotive engine was
fitted with aluminum base alloy cast cylinder sleeves,
the alloy containing about 17% silicon, and standard
pistons equipped with chromium-plated iron rings. The
engine characteristics were: 4 cylinder, bore 2.146",
stroke 3.15”’, displacement 45.58 cu. in., compression
ratio 7.25 to 1. Cylinders No. 2 and 4 were similarly
rough honed, and then lapped with a conventional cast
iron lap together with the aforementioned silicon-oil lap-
ping paste.

The engine was assembled and run at ambient tempera-
ture for a break-in period of 12 minutes. Then the spark
plugs were removed and the inside of the cylinder bore
inspected with a horoscope, an instrument permitting illu-
minated visual inspection. A smooth surface appeared
upon this inspection. Then refrigerated water at 30° F.
was circulated through the engine cooling jacket and the
engine was run for 2% hours, at the end of which time
it was disassembled for inspection. Visual inspection of
the cylinder bores revealed no scuffing or scoring; wear
on the cylinder surfaces and ring surfaces appeared equal.
Despite the short time of operation, a hard glaze was
found on the surfaces of the cylinders.

EXAMPLE 2

Using the same type of engine as in Example 1, the
cylinder sleeves having a wall thickness of approximately
14" after rough honing with a No. 320 honing stone, were

treated with an acid bath composed of 80% phosphoric
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acid (85% strength), 15% nitric acid (70% grade), and
5% water, all by volume. The treatment affected the
cylinder bores to a depth of between about 0.0005” and
0.001”, and exposed silicon particles and crystals. The
engine was assembled and subjected to a 12 minute break-
in and 2% hour run-in test at 30° F., as in Example 1.
Upon disassembling, the cylinder bores and ring surfaces
were free from scuffing and scoring, and the cylinder bores
were found to exhibit a smooth glaze-like finish.

While presently preferred embodiments of the invention
and its practice have been described, it will be apparent
that the invention may be otherwise variously embodied
and practiced within the scope of the following claims.

What is claimed is:

[1. Method of forming a low friction finish on the sur-
face of a hypereutectic silicon aluminum base alloy article,
which comprises the steps of preferentially removing alu-
minum from a surface layer of said article to expose par-
ticles of silicon protruding above the surrounding alloy
surface, and then mechanically polishing the protruding
silicon surfaces to produce a glaze-like finish on the sur-
face of said article.]

2. Method of conditioning the surface of a hypereutec-
tic silicon aluminum base alloy engine cylinder to form
thereon a low friction finish, which comprises the steps
of preferentially removing aluminum from the interior
of said cylinder to expose particles of silicon protruding
above the interior surface, and then mechanically polish-
ing the protruding silicon surfaces to produce a glaze-like
finish on the surface of said cylinder interior.

3. The method of claim 2 in which the aluminum is
removed by lapping the cylinder interior with a suspen-
sion of finely divided silicon in a mineral oil.

4. The method of claim 2 in which the aluminum. is
removed by etching with an acid bath.

5. The method of claim 2 in which the aluminum is
removed by etching with an alkaline bath.

6. The method of claim 2 in which the aluminum base
alloy consists essentially of silicon about 16-18%, copper
about 4.2-4.9%, iron up to about 1.0%, magnesium about
0.45-0.65%, titanium about 0.08-0.2%, manganese about
0.1% max., balance substantially aluminum.
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7. The method of claim 3 in which the mechanical
polishing step is performed by further lapping with a
silicon-mineral oil suspension.

8. The method of claim 3 in which the mechanical
polishing stép is performed by the reciprocating action
of a piston ring in engine operation.

T9. A high silicon aluminum base alloy article having
on a surface thereof a low friction finish produced by the
method of claim 1.

10. A high silicon aluminum base alloy engine cylinder
having on the piston ring engaging surface thereof a low
friction finish produced by the method of claim 2.

11. Method of conditioning the surface of a hypereu-
tectic silicon aluminum base alloy engine cylinder which
comprises preferentially removing aluminum from and
polishing the interior surface of said cylinder to provide
plateaus of silicon which are substantially free of sharp
edges where they protrude above the surrounding surface,
thereby affording resistance to scuffing and scoring par-
ticularly during break-in or run-in operations at low tem-
perature.

12. A high silicon aluminum base alloy engine cylinder
having substantially flat plateaus of silicon above the sur-
rounding piston ring engaging surface thereof produced
by the method of claim 11.
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