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(57) ABSTRACT 

The present invention includes a wear-resistant material 
including: a base material formed of pure aluminum or an 
aluminum alloy having a projection, and a depression in a 
pit-like shape on a Surface thereof, and a coat including a 
dehydrate of a hydrated oxide of aluminum, the coat being 
formed on a surface of the base material. Further, the present 
invention including a method for producing a wear-resistant 
material including the steps of forming a hydrated oxide 
coat of aluminum on a Surface of the base material by a 
chemical conversion coating; and heating the hydrated oxide 
coat. Further, the present invention also includes a puffer 
cylinder and a puffer-type gas circuit breaker applied to the 
above wear-resistant material. 
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1. 

WEAR-RESISTANT MATERIAL METHOD 
FOR PRODUCING THE SAME, PUFFER 
CYLNDER AND PUFFER-TYPE GAS 

CIRCUIT BREAKER 

CLAIM OF PRIORITY 

The present application claims priority from Japanese 
patent application serial No. 2013-178973 filed on Aug. 30. 
2013, the content of which is hereby incorporated by refer 
ence into this application. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates to a wear-resistant material and a 

method for producing the same, a puffer cylinder and a 
puffer-type gas circuit breaker, and in particular, to a wear 
resistant material, suitable for use in one formed of pure 
aluminum or an aluminum alloy. 

2. Description of the Related Art 
In general, aluminum or an aluminum alloy for use in a 

slide member is material susceptible to wear due to a 
sliding-movement, and therefore, application of the alumite 
treatment, a plating treatment, or a variety of coatings 
thereto is well known. 
A puffer-type gas circuit breaker for electric power rep 

resents an example of an apparatus using aluminum or an 
aluminum alloy as a slide member. The puffer-type gas 
circuit breaker for electric power includes a stationary 
contactor, a movable contactor arranged capable of contact 
ing with and separating from the stationary contactor, a 
puffer cylinder linked with the movable contactor, a piston 
making a relative movement against an inner-wall Surface of 
the puffer cylinder, a puffer chamber having a suction hole 
for Sucking in the arc-extinguishable gas and a blast nozzle 
for spurting the same in the direction of the contactor, a 
wearing slidably-movable against the inner-wall Surface of 
the puffer cylinder, provided on the outer periphery of the 
piston a vessel filled up with an arc-extinguishable gas 
which houses the above components, and the puffer-type gas 
circuit breaker being made up Such that the arc-extinguish 
able gas that is spurted from the blast nozzle is sprayed to an 
arc generated upon the stationary contactor and the movable 
contactor coming in contact with, or separating from each 
other to thereby extinguish the arc. 

With the puffer-type gas circuit breaker made up as 
described above, pure aluminum or an aluminum alloy is 
often used in the puffer cylinder for the purpose of reduction 
in weight. However, pure aluminum or an aluminum alloy is 
a material which is susceptible to wear, as described above. 
Thus, a variety of Surface treatments are applied at times to 
a slide member in order to prevent the wear of the slidably 
movable part. 

For example, there is described a technique in Patent 
Document 1 (Japanese Unexamined Patent Application Pub 
lication No. S63(1988)-184223), as a technique for enhance 
ment of the wear-resistance of aluminum or an aluminum 
alloy. In this publication, it is described that a puffer cylin 
der, an operation rod, and a presser plate are each formed of 
aluminum or an aluminum alloy, and the coat of aluminum 
oxide, formed by the alumite treatment, is provided on 
respective portions of these components, coming in contact 
with each other. 

Further, in Patent Document 2 (Japanese Unexamined 
Patent Application Publication No. 2008-277014), it is 
described that a coating layer of an amorphous carbon or a 
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2 
diamond-like carbon, as material that is wear-resistant and 
low in frictional properties, is formed on a slidable surface, 
which slidably moves against a seal-rod, of a seal-member 
made of a synthetic rubber or fluororesin, for slidably 
Supporting the seal-rod at a penetration part of a gas vessel 
to thereby prevent an arc-extinguishable gas in the gas 
vessel from flowing out towards a manipulation-mechanism. 

Still further, in Patent Document 3 (Japanese Unexamined 
Patent Application Publication No. 2007-258137), it is 
described that a silicone grease having lubricity is applied to 
the outer peripheral surface of a cylinder that slidably moves 
at the time when a stationary arc-contactor comes in contact 
with, or separates from a movable arc-contactor in order to 
reduce friction. 

However, with the technique disclosed in Patent Docu 
ment 1 described as above, in order to enhance wear 
resistance of aluminum or an aluminum alloy, the alumite 
treatment is applied to the respective portions of the puffer 
cylinder, the operation rod, and the presser plate, coming in 
contact with each other, and although an alumite coat formed 
by the alumite treatment is excellent in corrosion resistance 
and wear resistance, anodic oxidation is required in the 
alumite treatment, so that the cost of electric power required 
by facilities will increase, and in the case of using Sulfuric 
acid, facilities for waste-water treatment will be required, 
thereby posing a cost problem. 

Further, with the technique disclosed in Patent Document 
2 described as above, the wear-resistance of a slide member 
is enhanced by coating with the material low in frictional 
properties Such as the amorphous carbon or the diamond 
like carbon, however, these being the coating formed by the 
high-frequency plasma CVD (Chemical Vapor Deposition) 
method, if the method is to be applied to a puffer cylinder, 
a vacuum apparatus having a capacity capable of processing 
the puffer cylinder will be required. 

Still Further, in the case of the technique disclosed in 
Patent Document 3 described as above, because the silicone 
grease having lubricity is applied to the outer peripheral 
surface of the cylinder serving as the slidably-movable part, 
there is the need for taking degradation of the silicone grease 
into consideration if the silicone grease is in use for a long 
time-period, thereby necessitating periodical maintenance. 
The present invention has been developed in view of 

those points described as above, and it is therefore an object 
of the invention to provide a wear-resistant material excel 
lent in wear resistance, available at a low cost, a method 
producing the same, a puffer cylinder, and a puffer-type gas 
circuit breaker. 

SUMMARY OF THE INVENTION 

To that end, according to one aspect of the present 
invention, there is provided a wear-resistant material includ 
ing: a base material formed of pure aluminum or an alumi 
num alloy having a projection, and a depression in a pit-like 
shape on a surface thereof, and a coat including a dehydrate 
of a hydrated oxide of aluminum, the coat being formed on 
a Surface of the base material. As a sliding aspect of the 
wear-resistant material according to the present invention, a 
relationship between pure aluminum or an aluminum alloy 
and an opposing material may be any of rotation, Swing, or 
reciprocating motion, including even a relationship as a 
composite of these motions. 
To that end, according to another aspect of the present 

invention, there is provided a puffer cylinder formed of pure 
aluminum or an aluminum alloy being linked with a mov 
able contactor which is arranged capable of contacting with 
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and separating from a stationary contactor, fitted with a 
piston inside thereof, and the piston slidably moving against 
an inner-wall surface of the puffer cylinder in order for the 
piston to Suck in, or spurt an arc-extinguishable gas, the 
puffer cylinder comprising: a projection, and a depression in 
a pit-like shape formed at least on the inner-wall Surface 
thereof, and a coat including a dehydrate of a hydrated oxide 
of aluminum, the coat being formed on the projection, and 
the depression in a pit-like shape of the puffer cylinder. 

To that end, according to still another aspect of the present 
invention, there is provided a puffer-type gas circuit breaker 
including: a stationary contactor, a movable contactor being 
arranged capable of contacting with and separating from the 
stationary contactor, a puffer cylinder being formed of pure 
aluminum or an aluminum alloy, the puffer cylinder being 
linked with the movable contactor, a piston for Sucking in or 
spurting an arc-extinguishable gas while making a relative 
movement against an inner-wall Surface of the puffer cyl 
inder, and a vessel being filled up with the arc-extinguish 
able gas, the vessel housing the stationary contactor, the 
movable contactor, the puffer cylinder and the piston; 
wherein the puffer-type gas circuit breaker is configured 
Such that the arc-extinguishable gas that is spurted as a result 
of the movement made by the piston is sprayed to an arc 
caused by a separation of the stationary contactor and the 
movable contactor to thereby extinguish the arc, and the 
puffer cylinder is the puffer cylinder of the present invention 
described above. 

To that end, according to a further aspect of the present 
invention, there is provided a method for producing a 
wear-resistant material formed of pure aluminum or an 
aluminum alloy, the method comprising the steps of pre 
paring a base material formed of pure aluminum or an 
aluminum alloy; forming a hydrated oxide coat of aluminum 
on a Surface of the base material by a chemical conversion 
coating, thereby forming a projection, and a depression in a 
pit-like shape on the Surface of the base material; and 
heating the hydrated oxide coat, thereby removing the water 
content of a hydrate from the hydrated oxide coat and obtain 
a dehydrate coat of the hydrated oxide of aluminum. 
The invention has advantageous effects in that a cost of a 

wear-resistant material can be lowered and excellent wear 
resistance of a wear-resistant material can be achieved, 
while Suppressing the abrasion-powders of pure aluminum 
or an aluminum alloy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross-sectional view of a first 
embodiment of the invention, showing a testing unit of a 
journal-type test apparatus to explain about applicability of 
the present invention to a wear-resistant material; 

FIG. 2 is a schematic cross-sectional view of a second 
embodiment of the invention, showing a pin-on-disk type 
testing unit to explain about applicability of the present 
invention to a wear-resistant material; 

FIG. 3 is a schematic cross-sectional view of a third 
embodiment of the invention, showing a pin-on-disk type 
testing unit to explain about applicability of the present 
invention to a wear-resistant material; 

FIG. 4 is a schematic cross-sectional view of a sixth 
embodiment of a puffer-type gas circuit breaker according to 
the present invention, indicating a current-ON state; 

FIG. 5 is a schematic cross-sectional view of the sixth 
embodiment of a puffer-type gas circuit breaker according to 
the present invention, indicating a current cut-off state; 
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FIG. 6 is a schematic cross-sectional view of a seventh 

embodiment of a puffer-type gas circuit breaker according to 
the present invention, indicating a range where processing 
for hydrated aluminum is applied, this figure corresponding 
to FIG. 4; 

FIG. 7 is a schematic cross-sectional view showing an 
example of a sectional shape of the wear-resistant material 
according to the first embodiment of the present invention; 

FIG. 8 is a schematic cross-sectional view showing a 
sectional shape of the wear-resistant material according to 
the first embodiment of the present invention; and 

FIG. 9 is a graph showing a TGA curve of the hydrated 
oxide coat of aluminum of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A wear-resistant material, a method for producing the 
same, a puffer cylinder and a puffer-type gas circuit breaker 
according to the invention are described below on the basis 
of respective embodiments shown in the accompanying 
drawings. 

First Embodiment 

First, the wear-resistant material (the basic configuration 
(first embodiment)) of the present invention is described 
with reference to FIG. 1. FIG. 1 shows a schematic cross 
sectional view of a testing unit of a journal-type test appa 
ratus (note that a shaft 62 is not shown as cross-sectional 
view for convenience of explanation in FIG. 1 as well as 35 
in FIGS. 2 and 3). 
The testing unit of the journal-type test apparatus, shown 

in the FIG. 1, is made of a synthetic resin material containing 
PTFE (Poly Tetra Fluoro Ethylene) as a primary constituent, 
and the testing unit, serving as a bearing 60 cylindrical in 
shape, is pushed into a casing 61, thereby rotatably Support 
ing a shaft 62. The casing 61 can add a load on the bearing 
60. The shaft 62 is rotatably supported by a ball-and-roller 
bearing (not shown) provided on the respective sides of the 
shaft 62. Further, a rotational driving motor (not shown) is 
connected to one end of the shaft 62, and the testing unit is 
covered by a protective cover 63. 

Pure aluminum was used for the shaft 62, and the shaft 62 
was immersed in a boiled aqueous solution containing a 
Small amount of ammonia for predetermined time to thereby 
form a hydrated oxide coat of aluminum on the surface of 
the shaft 62. 
By optimization of the above treatment time, a fine 

asperity structure was formed on the surface of the shaft 62 
as shown in FIGS. 7 and 8. The surface of the shaft 62 
formed of pure aluminum has a depression 21. The depth of 
the depression 21 (the length of “a” described in FIG. 7) is 
not less than 1 Jum, preferably about 5um, in a pit-like shape 
or a crater-like shape. The diameter of the depression 21 (the 
length of “b” described in FIG. 7) is about from 5 to 30 um. 
The depression 21 sometimes forms an aggregates and the 
diameter of the aggregates is about from 80 to 100 um. 
As described in FIGS. 7 and 8, a hydrated oxide coat of 

aluminum 22 was formed along the projections and depres 
sions of the shaft 62. The hydrated oxide coat of aluminum 
22 includes fine asperity structure which is finer than the fine 
asperity structure of the surface of the shaft 62. The hydrated 
oxide coat of aluminum 22 has a fine projection 20. The 
length of the projection 20 (the length of “c” described in 
FIG. 8) is not more than 1 um, in a needle-like shape or a 
petal-like shape. The range of the thickness of the coat (the 
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length of “d described in FIG. 8) is preferably 1 to 3 um. 
The thickness can be controlled by the treatment time. 
The structure of the base material (puffer cylinder 6) 

having the hydrated oxide coat of aluminum obtained by a 
chemical conversion coating of the present invention differs 
from the structure of an alumite obtained by an anodic 
oxidation. Each of the base material (puffer cylinder 6) and 
the hydrated oxide coat of aluminum 22 of the present 
invention have a finely asperity structure. The respective 
depressions (crater) 21 have various sizes and are formed 
randomly on the base material in the present invention. In 
contrast, in the case of the alumite, micropores in a cylin 
drical shape are generally formed regularly on the Surface 
thereof. 

In this case, a skewness Sk of the surface of the shaft 62 
was -1.2. The skewness SK is a parameter based on the JIS 
(Japanese Industrial Standards) B 0601: 1994 (which corre 
sponds Rsk based on the JIS B 0601:2013) and ISO (Inter 
national Organization for Standardization) 4387: 1997. If 
skewness is negative, this indicates that Surface is Smooth. If 
the skewness Sk is plus, this indicates that the surface is 
rough, thereby rendering an opposing material Susceptible to 
wear. Thus, it is preferred that the skewness SK is a negative 
value because the wearing amount of opposite material can 
be reduced. According to an analysis of an X-ray diffracto 
meter of the surface of the shaft 62, it was found that 
boehmite (AlOHO) (hydrated oxide of aluminum) and 
bayerite (Al(OH)) were formed. A coat 22 of hydrated 
oxide of aluminum was formed in regions around the 
depression 21, as well, as shown in FIG. 7. 
The shaft 62 formed of pure aluminum with the hydrated 

oxide coat of aluminum 22 formed thereon was placed in a 
heating furnace (not shown) to be heated to 450° C. The 
skewness was found unchanged even after heating, and the 
fine projection 20 in the needle-like shape or the petal-like 
shape, as well as the depression 21 in the pit-like shape or 
a crater-like shape remained just in as-formed State, how 
ever, the crystallization state of the surface was found Al-O 
according to analysis with the use of an X-ray diffraction 
system, indicating that the water content of the hydrate was 
lost (that is, a composition of the coat changes from the 
hydrated oxide of aluminum to a dehydrate of a hydrated 
oxide of aluminum). Further, a crack was formed on the coat 
of the dehydrate of a hydrated oxide of aluminum because 
of a contraction of the coat of hydrated oxide of aluminum. 

At this time, it need only be sufficient to have a heating 
temperature at which the water content of the hydrate is lost, 
and a temperature not lower than 100° C., as the boiling 
point of water, will suffice (since the melting point of 
aluminum is 660° C., the upper limit of the heating tem 
perature is preferably 600° C.). A temperature at which the 
water content of the hydrate is eliminated is measured 
preferably by use of a thermogravimetric analyzer (TGA), 
etc., and a temperature not lower than the measured tem 
perature will suffice. 

In FIG. 1, a through-hole 64 penetrating through the 
protective cover 63 is provided around the testing unit, and 
there is shown a gas flow 65 discharged from the through 
hole 64. 
As shown in FIG. 1, a nitrogen gas was fed from the 

through-hole 64 towards the vicinity of a slidably-movable 
part at a rate of 10 L/min. The rotational speed of the shaft 
was set at 1 to 3 mm/s. As a result, PTFE of the bearing 60 
was found uniformly transferred to the surface of the shaft 
62, and abnormal wear was not observed on the slidably 
movable part even in an inert gas at 5 MPa of contact 
pressure. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
More specifically, it can be said that an aluminum oxide 

coat formed thereon, produced by eliminating the water 
content of the hydrate from the hydrated oxide coat of 
aluminum 22, is effective as a wear-resistant material. 

Further, in the case of an example described as above, 
pure aluminum was used for the shaft 62, however, the same 
effects can be obtained in the case of using an aluminum 
alloy instead of pure aluminum. 

Second Embodiment 

Next, there is described a second embodiment of the 
invention, using a pin-on-disk type testing unit shown in 
FIG 2. 
As shown in FIG. 2, pure aluminum with a hydrated oxide 

coat of aluminum formed thereon was heated at 450° C. in 
the heating furnace (not shown) and cooled after the heating, 
to be used as a disk test-piece 33, in a disk-like shape, and 
a wearing material containing PTFE as a primary constitu 
ent, to be used as a pin-shaped test-piece 31 8 mm in 
diameter, both the disk test-piece 33, and the pin-shaped 
test-piece 31 were placed in a test apparatus 30, as is the case 
with the first embodiment. The skewness (Sk) of the disk 
test-piece 33 was -1.3. A press-download 34 was applied to 
a slidably-movable part through the intermediary of a cover 
32 under a test condition that the rotational speed of the disk 
test-piece 33 by a rotation axis 35 was set at 1 m/s. 
As a result of this test, abnormal wear was not observed 

with respect to both the disk test-piece 33, and the pin 
shaped test-piece 31 even at 9 MPa of contact pressure. In 
other words, it can be said that pure aluminum with alumi 
num oxide coat formed thereon, produced by eliminating the 
water content of a hydrate from the hydrated aluminum coat 
22, is effective as a wear-resistant material in this slidably 
movable state as well. Further, an example described as 
above is applicable even to the case of an aluminum alloy. 

Third Embodiment 

Next, a third embodiment is described below. With the 
present embodiment, a test was conducted with the use of 
the test apparatus according to the second embodiment, 
except that a through-hole 36 was provided in the vicinity of 
the slidably-movable part, and a nitrogen gas 37 was fed 
through the through-hole 36 at a rate of 10 L/min, as shown 
in FIG. 3. Otherwise, the present test is the same as the 
preceding test (Second Embodiment). 
As a result of this test, abnormal wear was not observed 

with respect to both the disk test-piece 33, and the pin 
shaped test-piece 31 even in an inert gas at 9 MPa of contact 
pressure. 

Thus, it is evident that if pure aluminum with a hydrated 
oxide coat of aluminum formed thereon is heated, wear 
resistance will be rendered excellent not only in the air but 
also in a nitrogen gas. 

Fourth Embodiment 

With the present embodiment, treatment for hydrated 
oxide coat of aluminum was applied to the disk test-piece 33 
formed of pure aluminum, according to the second embodi 
ment, by use of the same method as adopted in the first 
embodiment, before heating, and a PEEK (Poly Ether Ether 
Ketone) resin was used for the pin-shaped test-piece 31. 
Even though a sliding test was conducted with this combi 
nation, a conspicuous wear was not observed with respect to 
a slidably-movable part. 
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Fifth Embodiment 

With the present embodiment, treatment for hydrated 
oxide coat of aluminum was applied to the disk test-piece 33 
formed of pure aluminum, according to the second embodi 
ment, by use of the same method as adopted in the first 
embodiment, before heating, and a polyacetal resin was used 
for the pin-shaped test-piece 31. Even though a sliding test 
was conducted with this combination, a conspicuous wear 
was not observed with respect to a slidably-movable part. 

Sixth Embodiment 

Next, an example in which a wear-resistant material 
formed of aluminum is applied to a puffer-type gas circuit 
breaker, referred to as a sixth embodiment of the invention, 
is described below with reference to FIGS. 4, and 5. 

FIG. 4 is a schematic cross-sectional view of a sixth 
embodiment of a puffer-type gas circuit breaker according to 
the invention, indicating a current-ON state. 

With the puffer-type gas circuit breaker according to the 
present embodiment, a stationary-side current-carrying part 
is made up of a stationary-side arc-contactor 1, and a 
stationary-side main contactor 2 disposed outside the sta 
tionary-side arc-contactor 1, whereas a movable-side cur 
rent-carrying part in contact with the stationary-side current 
carrying part is made up of a movable-side arc-contactor 5. 
and a movable-side main contactor 4 disposed outside the 
movable-side arc-contactor 5, both the stationary-side cur 
rent-carrying part, and the movable-side current-carrying 
part being fixed to a puffer cylinder 6, as shown in FIG. 4. 
A cylinder shaft 7 is installed at a central part of the puffer 

cylinder 6, the cylinder shaft 7 is connected to an insulation 
manipulation rod 14 via a link 18, and an operation for 
causing the current-ON state between the stationary-side 
current-carrying part, and the movable-side current-carrying 
part, or a current cut-off state therebetween is executed by 
driving the insulation-manipulation rod 14 through a 
manipulator (not shown). Further, an external current col 
lector 8 is disposed on the outer periphery of the puffer 
cylinder 6, and the external current collector 8 is connected 
to a movable-side main circuit conductor (not shown) Sup 
ported by an insulating tube (not shown). 

Meanwhile, a piston 10 is fitted into the puffer cylinder 6, 
and a puffer chamber 13 that is surrounded by an inner 
surface of the puffer cylinder 6, an outer surface of the 
cylinder shaft 7, and the piston 10 is formed for the purpose 
of compressing an arc-extinguishable gas. The puffer cylin 
der 6 is formed of pure aluminum, and respective wearings 
11, and 12, differing in diameter from each other, are 
provided on the outer periphery of the piston 10. As the 
piston 10 moves, the piston 10 slidably moves against the 
inner surface of the puffer cylinder 6, through the interme 
diary of the respective wearings 11, and 12, while slidably 
moving against the inner Surface of the cylinder shaft 7. 

FIG. 5 indicates a state of the puffer-type gas circuit 
breaker at a time when a current cut-off operation is 
executed from the current-ON state shown in FIG. 4. At the 
time of the current cut-off operation, shown in FIG. 5, the 
puffer cylinder 6 makes a movement rightward in FIG. 5, 
and upon separating of the stationary-side arc-contactor 1 
from the movable-side arc-contactor 5, as a result of this 
movement, the piston 10 is caused to move to thereby 
compress the arc-extinguishable gas such that the Volume of 
the puffer chamber 13 is reduced, whereupon the arc 
extinguishable gas from an insulation nozzle 3 is sprayed to 
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8 
an arc generated between the stationary-side arc-contactor 1 
and the movable-side arc-contactor 5, so that the arc is 
extinguished. 

With the puffer-type gas circuit breaker according to the 
present embodiment, made up as above, treatment for form 
ing hydrated oxide coat of aluminum was applied to a range 
(indicated by reference sign 15) wider than every portion of 
the puffer cylinder 6, against which the respective wearings 
11, and 12 slidably move. More specifically, there was 
applied the treatment for forming hydrated oxide coat of 
aluminum on a surface of the puffer cylinder 6 formed of 
pure aluminum, that is, the inner-wall Surface thereof, 
against which the piston 10 slidably moves, by application 
of chemical conversion coating, such that the Surface of the 
hydrated aluminum has a projection 20, and a depression 21, 
in a pit-like shape (or a crater-like shape), is formed on the 
Surface. 
As a treatment (chemical conversion coating) method for 

forming the hydrated oxide coat of aluminum, the puffer 
cylinder 6 subjected to degreasing after machining was 
immersed in pure water heated to 95° C. or higher for 
predetermined time. 
The puffer cylinder 6 with the hydrated oxide coat of 

aluminum formed thereon was placed in a drying oven (not 
shown) to be heated to 450° C., whereupon the water content 
of a hydrate was removed from the hydrated oxide coat of 
aluminum. A fine projection 20 not more than 1 Jum, in a 
needle-like shape or a petal-like shape, was formed on the 
surface, that is, the inner-wall surface of the puffer cylinder 
6 after heating, just as before the heating, and a depression 
21 not less than 1 um, preferably about 5 Lim, in a pit-like 
shape (or a crater-like shape), was confirmed. Upon analyZ 
ing this Surface by use of an X-ray diffraction system, it was 
found that the Surface was turned into aluminum oxide 
(Al2O). 

FIG. 9 is a graph showing a TGA curve of the hydrated 
oxide coat of aluminum of the present invention. The FIG. 
9 shows the result of a test conducted in order to explain 
about the removal of the water content of a hydrate from 
hydrated oxide coat of aluminum by heating the puffer 
cylinder 6 with the hydrated oxide coat of aluminum formed 
thereon to 450° C. In the graph of FIG. 9, the horizontal axis 
indicates temperature ( C.), the vertical axis indicates 
weight (%), and the graph was prepared by applying the 
chemical conversion coating to the puffer cylinder 6 formed 
of pure aluminum to thereby form hydrated oxide coat of 
aluminum, and Subsequently measuring variation (%) in 
weight of hydrated aluminum, while heating the hydrated 
aluminum thereafter. 
As shown in the FIG. 9, since weight-variation was 

vanished at a point in the vicinity of 450° C., it can be 
understood that the water content of a hydrate was lost from 
the hydrated oxide coat of aluminum. 

With the present embodiment, there is described an 
example in which the puffer cylinder 6 formed of pure 
aluminum was heated to 450° C., however, if the heating 
temperature is in a range of 100 to 600° C., as described 
above, this will suffice. 

With the present embodiment described as above, if a coat 
including microscopic asperities, or the microscopic asperi 
ties, together with pits and projections, larger in size than the 
former, is formed on the puffer cylinder 6 formed of pure 
aluminum at a low cost, this will promote the transfer of the 
respective wearing materials 11, and 12, thereby enabling 
the abrasion-powders of aluminum to be suppressed, so that 
wear resistance is enhanced. 
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Further, with the embodiment described as above, there is 
described the case where pure aluminum was used in the 
puffer cylinder 6, however, even in the case of using an 
aluminum alloy, the same effects can be obtained (the same 
goes for embodiments described below). 

Seventh Embodiment 

FIG. 6 shows a seventh embodiment of a puffer-type gas 
circuit breaker according to the present invention. With the 
present embodiment shown in the FIG. 6, hydrated oxide 
coat of aluminum is formed throughout the whole 17 of a 
puffer cylinder 6 (that is, the hydrated oxide coat of alumi 
num is formed on the outer surface of the puffer cylinder 6 
as well as the inner Surface thereof), and Subsequently, 
heating is applied thereto. The treatment condition is the 
same as adopted in the sixth embodiment. 

With the embodiment described as above, the same effects 
as those in the case of the sixth embodiment can be obtained. 

Eight Embodiment 

With the present embodiment, hydrated alumina is formed 
on a puffer cylinder 6 by use of an aqueous solution obtained 
by addition of a small amount of ethanolamine to the pure 
water used in the sixth embodiment. 

With the embodiment described as above, needless to say, 
not only the same effects as those in the case of the sixth 
embodiment can be obtained but also a time length for 
immersion of the puffer cylinder 6 in the aqueous solution 
heated to 95° C. or higher can be shortened. The water 
content of the hydrate was removed by heating the puffer 
cylinder 6 after formation of the hydrated oxide coat of 
aluminum, as with the case of the sixth embodiment. 

Further, with the present embodiment, ethanolamine was 
used, however, besides other additives described below may 
be used. That is, carbonate, oxalate, triethanolamine, hydra 
zine or solute of seawater. Further, the treatment water may 
contain mixture of magnesium ion and hydrogen carbonate 
ion, mixture of magnesium ion, mixture of hydrogen car 
bonate ion and sulfide ion, mixture of hydroxide ion and 
lithium ion, mixture of hydroxide ion and Sodium ion 
(sodium hydroxide), mixture of hydroxide ion and potas 
sium ion (potassium hydroxide) hydroxide ion, mixture of 
lithium ion and silicate ion, mixture of hydroxide ion and 
calcium ion, hydroxide ion, or mixture of lithium ion and 
nitrate ion, mixture of hydroxide or sulfate, for example. 

Ninth Embodiment 

With the present embodiment, the treatment for forming 
hydrated oxide coat of aluminum on a puffer cylinder 6, as 
in the case of the sixth embodiment, and treatment time is 
rendered longer than that in the case of the sixth embodi 
ment. In this embodiment, the skewness Sk was -0.3, the 
depression 21 in the pit-like shape was in a range of 2 to 5 
um, and it was found that boehmite and bayerite were 
formed, as is the case with the sixth embodiment. The water 
content of the hydrated oxide coat of aluminum was 
removed by heating this puffer cylinder 6, as is the case with 
the sixth embodiment. It was found that microscopic asperi 
ties in a needle-like shape or a petal-like shape, and a 
depression 21 in a pit-like shape were formed on the surface 
of the puffer cylinder 6 after heating, that is, the inner-wall 
Surface thereof, in the same fashion as before the heating. 
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10 
With the present embodiment described as above, the 

same effects as those in the case of the sixth embodiment can 
be obtained. 

Comparative Example 1 

As Comparative Example 1, use was made of a puffer 
cylinder on which hydrated oxide coat of aluminum is 
formed by shortening treatment time for immersion of the 
puffer cylinder in pure water heated to not lower than 95°C., 
a temperature above that in the case of the sixth embodi 
ment, was heated to 450° C. In this case, the skewness Sk 
was -0.9. 

Comparative Example 2 

As Comparative Example 2, non-treated aluminum alloy 
(which is not applied a chemical conversion) was used. In 
this case, the skewness Sk was at -0.03. 
The puffer cylinder according to each of the embodiments 

6 through 9, and Comparative Examples 1, 2 is assembled 
into a gas circuit breaker to thereby conduct a sliding test. 
The primary constituent of the opposing material was PTFE, 
and use was made of a wearing that does not contain filler 
such as glass, etc. The results of the test are shown in Table 
1. 

TABLE 1. 

wear resistance 

Puffer cylinder Wearing 

Sixth Extremely small Extremely small 
Embodiment Wear Wear 
Seventh Extremely small Extremely small 
Embodiment Wear Wear 
Eighth Extremely small Extremely small 
Embodiment Wear Wear 
Ninth Extremely small slightly worn 
Embodiment Wear 
Comparative Worn Worn 
Example 1 
Comparative Worn Worn 
Example 2 

With the embodiments 6 through 8, abnormal wear was 
not observed with respect to both the puffer cylinder 6, and 
the respective wearings 11, and 12, as is evident from Table 
1. With the embodiment 9, abnormal wear was not found on 
the puffer cylinder 6, however, the respective wearings 11, 
and 12 were found slightly worn, as compared with the 
embodiment 6. This is due to deterioration in surface 
smoothness from the sixth embodiment because the skew 
ness has become bigger. 
Upon observation of the slidably-movable part with 

respect to the respective embodiments, it was confirmed that 
PTFE has been transferred into microscopic asperities as 
well as a deep depression, in the pit-like shape, on the 
surface of the puffer cylinder 6. The transfer of PTFE can be 
confirmed from a contact angle indicating a range of 100 to 
110 degrees upon dripping down water drops. The micro 
scopic asperities as well as the depression, in the pit-like 
shape, formed on the Surface, caused the respective wearings 
11, and 12 to wear in the initial stage to thereby hold the 
abrasion-powders thereof, resulting in enhancement in the 
wear resistance of the puffer cylinder 6 formed of aluminum 
alloy. 

With Comparative Example 1, treatment time was short, 
and a Sufficient hydrated oxide coat of aluminum could not 
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be made, so that an aluminum oxide coat on the Surface after 
heating, as well, was insufficient, thereby having caused the 
puffer cylinder to be worn, and the wearings as well to be 
worn by the agency of the abrasion-powders of aluminum. 

The non-treated aluminum alloy of Comparative Example 
2, as well, was found more worn as compared with the case 
of Comparative Example 1. The wearings as well were 
found worn. 

Thus, if hydrated hydrated oxide coat of aluminum 
formed on the Surface of an aluminum alloy is heated to 
thereby remove only the water content of a hydrate, while 
leaving microscopic asperities as well as a depression, in the 
pit-like shape, on the Surface, as they are, the wear resistance 
of the puffer cylinder 6 formed of aluminum alloy will be 
enhanced as compared with the case of non-treated alumi 
num, so that wear-resistance equivalent to that, in the 
respective cases of the alumite treatment, and electroless 
Ni-P plating, is shown under operation conditions of the 
puffer-type gas circuit breaker according to the invention, 
and treatment for coat-forming, and liquid waste disposal 
can be carried out with the use of simple facilities as 
compared with the case of using the alumite treatment, etc. 

While the various embodiments of the invention have 
been described as above, it is to be understood that the 
invention be not limited thereto, and that variations thereto 
be included in the invention. For example, detailed expla 
nation is given about the embodiments described as above 
simply for the sake of clarity, and therefore, the invention is 
not necessarily limited to the respective embodiments hav 
ing all configurations as described. Further, a part of the 
configuration of one of the embodiments described as above 
may be replaced with a part of the other embodiment. Still 
further, the configuration of the other embodiment may be 
added to the configuration of one of the embodiments. 
Furthermore, addition, deletion, or replacement by use of 
other configuration may be made to a part of the configu 
ration with respect to the respective embodiments. 

REFERENCE SIGNS LIST 

1... stationary-side arc-contactor, 2 ... stationary-side main 
contactor, 3. . . insulation nozzle, 4. . . movable-side main 
contactor, 5 . . . movable-side arc-contactor, 6 . . . puffer 
cylinder, 7... cylinder shaft, 8... external current collector, 
10 . . . piston, 11, 12 . . . wearing, 13 . . . puffer chamber, 
14. . . insulation-manipulation rod, 17 . . . whole of a puffer 
cylinder, 18 . . . link, 20. . . projection, 21 . . . depression, 
22 . . . hydrated a coat, 30 . . . test apparatus, 31 . . . 
pin-shaped test-piece, 32 . . . cover, 33 . . . disk test-piece, 
34 . . . press-down load, 35 . . . rotation axis, 36 . . . 
through-hole, 37 . . . gas flow (nitrogen gas flow), 60 . . . 
bearing, 61 ... casing, 62 . . . shaft, 63. . . protective cover, 
64 . . . through-hole, 65 . . . gas flow 

What is claimed is: 
1. A puffer cylinder formed of pure aluminum or an 

aluminum alloy being linked with a movable contactor 
which is arranged capable of contacting with and separating 
from a stationary contactor, fitted with a piston inside 
thereof, and the piston slidably moving against an inner-wall 
surface of the puffer cylinder in order for the piston to suck 
in, or spurt an arc-extinguishable gas, the puffer cylinder 
comprising: 

a projection, and a depression in a pit-like shape formed 
at least on the inner-wall surface of the puffer cylinder; 
and 
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12 
a coat including a dehydrate of a hydrated oxide of 

aluminum, the coat being formed on the projection, and 
the depression in a pit-like shape of the puffer cylinder. 

2. The puffer cylinder according to claim 1, 
wherein the coat is obtained by a chemical conversion 

coating. 
3. The puffer cylinder according to claim 1, 
wherein the coat has fine asperity structure which is finer 

than the projection, and the depression in a pit-like 
shape of the puffer cylinder. 

4. The puffer cylinder according to claim 1, 
wherein the inner-wall surface of the puffer cylinder has 

Surface roughness having skewness (Sk) of a negative 
value and a depth of the depression in a pit-like shape 
of 1 Lum or more. 

5. The puffer cylinder according to claim 1, 
wherein a wearing is provided on the outer periphery of 

the piston, and the wearing slidably moves against the 
inner-wall surface of the puffer cylinder. 

6. The puffer cylinder according to claim 4, 
wherein a wearing is provided on the outer periphery of 

the piston, and the wearing slidably moves against the 
inner-wall surface of the puffer cylinder. 

7. The puffer cylinder according to claim 1, 
wherein the projection, and the depression in a pit-like 

shape are formed throughout the whole of the puffer 
cylinder and the coat is formed on the projection, and 
the depression in a pit-like shape of the puffer cylinder 
by a chemical conversion coating. 

8. The puffer cylinder according to claim 4, 
wherein the projection, and the depression in a pit-like 

shape are formed throughout the whole of the puffer 
cylinder and the coat is formed on the projection, and 
the depression in a pit-like shape of the puffer cylinder 
by a chemical conversion coating. 

9. The puffer cylinder according to claim 5, 
wherein the projection, and the depression in a pit-like 

shape are formed throughout the whole of the puffer 
cylinder and the coat is formed on the projection, and 
the depression in a pit-like shape of the puffer cylinder 
by a chemical conversion coating. 

10. A puffer-type gas circuit breaker comprising: 
a stationary contactor; 
a movable contactor being arranged capable of contacting 

with and separating from the stationary contactor, 
a puffer cylinder being formed of pure aluminum or an 

aluminum alloy, the puffer cylinder being linked with 
the movable contactor; 

a piston for Sucking in or spurting an arc-extinguishable 
gas while making a relative movement against an 
inner-wall surface of the puffer cylinder; and 

a vessel being filled up with the arc-extinguishable gas, 
the vessel housing the stationary contactor, the movable 
contactor, the puffer cylinder and the piston; 

wherein the puffer-type gas circuit breaker is configured 
Such that the arc-extinguishable gas that is spurted as a 
result of the movement made by the piston is sprayed 
to an arc caused by a separation of the stationary 
contactor and the movable contactor to thereby extin 
guish the arc, and 

the puffer cylinder is the puffer cylinder described in 
claim 1. 

11. A puffer-type gas circuit breaker comprising: 
a stationary contactor; 
a movable contactor being arranged capable of contacting 

with and separating from the stationary contactor, 
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a puffer cylinder formed of pure aluminum or an alumi 
num alloy, the puffer cylinder being linked with the 
movable contactor; 

a piston for sucking in or spurting an arc-extinguishable 
gas while making a relative movement against an 
inner-wall surface of the puffer cylinder; 

a vessel being filled up with the arc-extinguishable gas, 
the vessel housing the stationary contactor, the movable 
contactor, the puffer cylinder and the piston; 

wherein the puffer-type gas circuit breaker is configured 
Such that the arc-extinguishable gas that is spurted as a 
result of the movement made by the piston is sprayed 
to an arc caused by the separation of the stationary 
contactor and the movable contactor to thereby extin 
guish the arc, and 

the puffer cylinder is the puffer cylinder described in 
claim 1. 

12. A puffer-type gas circuit breaker comprising: 
a stationary contactor; 
a movable contactor being arranged capable of contacting 

with and separating from the stationary contactor; 
a piston for sucking in or spurting an arc-extinguishable 

gas while making a relative movement against an 
inner-wall surface of the puffer cylinder; 

a vessel being filled up with the arc-extinguishable gas, 
the vessel housing the stationary contactor, the movable 
contactor, the puffer cylinder and the piston; 

wherein the puffer-type gas circuit breaker is configured 
Such that the arc-extinguishable gas that is spurted as a 
result of the movement made by the piston is sprayed 
to an arc caused by the separation of the stationary 
contactor and the movable contactor to thereby extin 
guish the arc, and the puffer cylinder is the puffer 
cylinder described in claim 4. 

13. A puffer-type gas circuit breaker comprising: 
a stationary contactor; 
a movable contactor being arranged capable of contacting 

with and separating from the stationary contactor; 
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a puffer cylinder being formed of pure aluminum or an 

aluminum alloy, the puffer cylinder being linked with 
the movable contactor; 

a piston for sucking in or spurting an arc-extinguishable 
gas while making a relative movement against an 
inner-wall surface of the puffer cylinder; 

a vessel being filled up with the arc-extinguishable gas, 
the vessel housing the stationary contactor, the movable 
contactor, the puffer cylinder and the piston; 

wherein the puffer-type gas circuit breaker is configured 
Such that the arc-extinguishable gas that is spurted as a 
result of the movement made by the piston is sprayed 
to an arc caused by the separation of the stationary 
contactor and the movable contactor to thereby extin 
guish the arc, and 

the puffer cylinder is the puffer cylinder described in 
claim 5. 

14. A puffer-type gas circuit breaker comprising: 
a stationary contactor; 
a movable contactor being arranged capable of contacting 

with and separating from the stationary contactor; 
a puffer cylinder being formed of pure aluminum or an 

aluminum alloy, the puffer cylinder being linked with 
the movable contactor; 

a piston for sucking in or spurting an arc-extinguishable 
gas while making a relative movement against an 
inner-wall surface of the puffer cylinder; 

a vessel being filled up with the arc-extinguishable gas, 
the vessel housing the stationary contactor, the movable 
contactor, the puffer cylinder and the piston; 

wherein the puffer-type gas circuit breaker is configured 
Such that the arc-extinguishable gas that is spurted as a 
result of the movement made by the piston is sprayed 
to an arc caused by the separation of the stationary 
contactor and the movable contactor to thereby extin 
guish the arc, and 

the puffer cylinder is the puffer cylinder described in 
claim 6. 

CE: ck ci: ck i: 


