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temperature oxidation
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Lining the inner surface of a cast iron hydrauligylender with copper alloy would

generally not be possible. In this study, the suréa of a cast iron cylinder was
decarburized by high temperature oxidation. The iogler, after decarburization, was
filled with borax anhydride and heated at a temptarr of 1203 K. Molten copper alloy
was then injected into the cylinder, displacing tm®lten borax anhydride. After cooling,
the embedded copper alloy was drilled along its temaxis so that a prescribed thickness
of the copper alloy remained. Thus, the cast iroyliader could be successfully lined

with copper alloy.
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Introduction

Methods to obtain a junction between iron and coppéoy have
been devised by several researchérsThese methods are utilized, for
example, to line the sliding surface of a hydraulron cylinder with a
copper alloy*’ One method for lining the inner surface of an iron
cylinder with a copper alloy is to inject a moltesopper alloy into a
preheated cylinder filled with molten borax anhydei. This process
replaces the molten borax anhydride with the molompper alloy. After
cooling, the embedded copper alloy is drilled aloitg center axis so
that a prescribed thickness of the copper alloy nreynain. However,
when the cylinder is composed of a cast iron, tloppger alloy does not
bond to the inner surface of the cylinder.

We had previously solved this problem by frilj a cast iron
cylinder with a FeO powder and heating ‘itwhich decarburized the
inner surface of the cylinde¥.Using this method, we succeeded in lining
a cylinder with copper alloy. However, the use o¢d@® powder not only
increases the production cost, but also generatekarge amount of
waste.

It is well known that when a cast iron is oxzeéd in air at a high
temperature, a decarburized layer is formed benemturface oxidé:!*
In this study, we decarburized the inner surfaceaoflake graphite cast
iron cylinder by heating the cylinder in air at dgih temperature and
succeeded in lining the inner surface with a coppa¢loy. The detailed
procedure and results of the break test of the dash and copper alloy

junction are reported below.



Experimental procedure

Several square chips of flake graphite casonirwith an edge
length of 10 mm and a thickness of 5 mm were heatedair at 1153,
1203 or 1253 K for various time durations. Strucéuof the surface
oxide and decarburized layers were investigatedhwat Hitachi 3500H
scanning electron microscope (SEM), furnished withn energy
dispersive X-ray analyzer (EDX).

For the bonding investigation between the féagraphite cast iron
and a copper alloy, 45-mm-deep flake graphite cash cylinders with
an inner diameter of 16 mm and an outer diameter58f mm were
utilized, as illustrated in Fig. 1(a). These cyliemd were heated at a
temperature of 1153 or 1203 K. After cooling at mmdemperature, the
cylinders were filled with borax anhydride as a %xluThey were then
heated at a temperature of 1203 K, which is highkan the melting
point (1151 K) of the borax anhydride. A molten qogr alloy having a
composition of Cyg.g7Sng.0sPbo.osNig.02 was heated at 1523 K and was
injected into the heated cylinders (Fig. 1(b)). $hdiaused displacement
of the molten flux from the cylinders, thereby fihlg the cylinders with
molten copper alloy. After cooling, 2-mm-thick diskvere cut out of the
copper alloy-embedded cylinders, as seen in Figz)1A strip specimen,
45 mm long and 6 mm wide, was then cut from thekdisas seen in Fig.
1(d). After polishing the strip specimens with abkreae paper and
buffing them, SEM and EDX were utilized to observihe cast
iron/copper alloy interface structure. Tensile gtggh of the strip

specimens was also examined by using a tensilesstitester.



Results and discussion

The SEM image as well as carbon, oxygen and iroatdbutions
obtained for the square chip specimen heated at31ROfor 7.2 ks is
represented in Fig 2. Note that the specimen wabedded in polyester
resin. A 180um-thick oxide layer was observed on the surface.the
early stage of the oxidation, graphite flakes wesembusted through
reaction with air. Thereafter, graphite flakes ind&eper region were
consumed through the diffusion of carbon atoms tossathe oxide layer.
A decarburized region was thus formed as observedFig. 2. While
carbon precipitates, appearing black, were observedhe region that
was not decarburized, they were not observed indbearburized region,
which had a thickness of 260m.

Since a decarburized layer is formed beneath oxide layer, a
copper alloy should bond to the inner surface ofast iron cylinder if
only the surface oxide formed on the inner surfdsedissolved into the
molten borax anhydride. Figure 3 illustrates examplof the SEM and
EDX images observed for the cast iron/copper aliayerface of a strip
specimen cut out of the copper alloy-embedded cghln that was
decarburized for 3.6 ks at 1203 K. The copper allays uniformly
bonded to the cast iron. Note that the copper alpmnetrated the cast
iron in spots to a depth of about pf, which indicated that the voids
formed near the surface of the cast iron by decarbation were
embedded with the copper alloy.

A break test for the strip specimens cut out of thelinders
embedded with the copper alloy was then performddhe specimens,

after the break test, are shown in Fig. 3. In tleenple that was oxidized



for 1.8 ks at 1153 K, in which the thickness of tdecarburized region
tgc was 40um, we failed to form a junction between the copmdroy and
cast iron; the junction was broken in the proce$sotting a strip out of
a disk. On the other hand, in the sample oxidized 8.6 ks at 1153 K
(t4c=70 um), the strip specimen was easily divided at thestca
iron/copper alloy interface by a tension as low alsout 4 MPa with a
strain of 0.13%. In the sample oxidized for 7.2 &6 1153 K (4.=120
um) and that oxidized for 3.6 ks at 1203 Ky4{=120 pum), the strip
specimens were broken in the region of the coppHoya The stresses
and strain upon rupture for the former sample wé6t and 4.2%, while
they were 139 MPa and 4.7% for the latter sampléde3e values were
comparable to 156 MPa and 4.0% for the specimenmf@d for a pure
iron cylinder without decarburization process. TRké&ore, it was
concluded that cast iron could be lined with a cepmlloy if oxidation
conditions produced a decarburized layer with a imam thickness of
120 pm.

In the previous study we poured molten copper alloy into a cast
iron cylinder without decarburization filled with oiten borax
anhydride. Because the copper alloy was not bonttethe cast iron, we
detached the copper alloy from the cast iron cylemndWe observed the
surface of the copper alloy that had been in contadth the inner
surface of the cylinder and found many semispherit@les with a
diameter from a few hundred micrometers to a fewllimieters’. These
holes suggest that gas bubbles were incorporatethatcast iron/copper
alloy interface. Since molten copper at a high temature of 1523 K can

dissolves oxygen atoms as muak 10 at.%?, carbon atoms dissolved in



the cast iron near the interface as well as graetilakes at the interface
react with oxygen atoms in the molten copper alld@yis results in the
formation of CQ gas bubbles at the interface, inhibiting the coppe
alloy being bonded to the cast iron. Thus, it isasenable that

decarburization is essential to bond a copper altoycast iron.

Conclusion

A method to obtain a cast iron/copper alloy juro;n was developed.
In this method, a cast iron cylinder is oxidized Imgating in air at a
high temperature. This cylinder is filled with meh borax anhydride
and is heated at a high temperature, and then moltepper alloy is
injected into the cylinder. After cooling, a relibbjunction is obtained.
While the previously reported method requires Fe@wpler upon heating
of a cast iron cylinder for the decarburization idé inner surface, this
method requires only borax anhydride. This method tiherefore
economical and generates less amount of waste maltemaking it
desirable in practical applications such as the duotion of hydraulic

cylinders lined with a copper alloy.
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Figure captions

Fig. 1. Preparation of the specimen for the bread&stt and the
observation of the cast iron/copper alloy interfacéa) Cast iron
cylinder oxidized at the surface. (b) Injection afolten copper alloy
into the cylinder filled with molten borax anhydred (c) Disc sample cut
out of the copper alloy-embedded cylinder. (d) $tspecimen cut out of

the disk sample.

Fig. 2. Cross section SEM image (a) and EDX imagdowing carbon

(b), oxygen (c) and iron (d) distributions.

Fig. 3. SEM image (a) and EDX images for a castnifmopper alloy

interface showing carbon (b), iron (c) and copped) @distributions.

Fig. 4. Strip specimens after the break test.
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