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DESCRIPTION

Title of the Invention:
SOLDER ALLOY FOR PREVENTING FE EROSION, RESIN FLUX CORED SOLDER,
WIRE SOLDER, RESIN FLUX CORED WIRE SOLDER, FLUX COATED SOLDER,
SOLDER JOINT AND SOLDERING METHOD

Technical Field
[0001]

The present invention relates to a solder alloy for preventing Fe leaching which
can prevent iron-tip leaching and carbonization of a flux, a flux-cored solder, a wire solder,

a flux-cored wire solder, a flux-coated solder, a solder joint and a soldering method.

Background Art
[0002]

Lead-free Sn-Ag-Cu-based solder alloys are mainly used for connection of
electric terminals of printed boards or the like. The lead-free Sn-Ag-Cu-based solder
alloys are used in various techniques such as flow soldering, reflow soldering and
soldering using soldering irons.

[0003]

Examples of the soldering using soldering irons include soldering by manual
operation such as manual soldering. In recent years, the soldering using soldering irons is
increasingly automated, and the soldering is automatically performed by iron robots.
[0004]

The soldering iron is composed of a heating element and an iron tip, and the iron
tip is heated by conducting heat of the heating element to the iron tip. In order to
efficiently conduct the heat of the heating element to the iron tip, Cu having good thermal
conductivity is used for a core material of the iron tip. However, when a solder comes
into direct contact with Cu, Cu is leached by Sn in the solder alloy, and a shape of the iron
tip is deformed, which makes it difficult to use as the soldering iron. In order to prevent
iron-tip leaching caused by Sn, the iron tip is coated with Fe and Fe alloy plating.

[0005]
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As described above, from the viewpoint of prolonging the lifetime of the iron tip,
the iron tip is coated with the Fe and Fe alloy plating. However, with an increase in the
number of times of soldering due to the automation of the soldering, the leaching has come
to occur in the coating on an iron tip surface. The reason why the Fe and Fe alloy plating
is leached is that Fe is alloyed with Sn in the solder alloy by mutual diffusion to lead to
easy dissolution in Sn in a molten solder. Accordingly, measures on the soldering iron
side have limitations, and solder alloys which prevents the occurrence of the Fe leaching
have been studied.

[0006]

Patent Document 1 proposes an alloy in which Co is added to a Sn-Ag-Cu-based
solder alloy. According to this document, when Co is added to the Sn-Ag-Cu-based
solder alloy, diffusion of Fe into the solder alloy is prevented and an effect of being able to
prevent the Fe leaching is obtained.

[0007]

In addition, as Sn-Ag-Cu-Co-based solder alloys, Patent Documents 2 and 3

propose solder alloys for the purpose of preventing formation of intermetallic compounds

or generation of voids, assuming that the solder alloys are used in the reflow soldering.

Prior Art Documents

Patent Documents

[0008]
Patent Document 1: Japanese Patent No. 4577888
Patent Document 2: JP-A-2008-521619
Patent Document 3: JP-A-2009-506203

Summary of the Invention
Technical Problems
[0009]

As described above, all of the solder alloys described in Patent Documents 1 to 3
which contain Co prevent diffusion of Fe into the solder alloys. This makes it possible to
prolong the lifetime of the iron tip.

[0010]



10

15

20

25

30

3

However, as the lifetime of the iron tip is prolonged, it has been found that a new
problem is encountered. Co prevents the Fe leaching, but has a property of easily
reacting with carbon.  Accordingly, when soldering is performed thousands of times, the
problem of carbide adhesion to the iron tip has come to the surface.

[0011]

In soldering using a soldering iron, a flux containing rosin as a base material is
usually used in order to break an oxide film on a surface of an electric terminal to make it
easily wettable with a solder. During the soldering, the rosin is also heated together with
the solder. At this time, Co in the solder alloy reacts with carbon and oxygen of the rosin
to form a large amount of carbides, which adhere to the iron tip. The carbides adhere to
the iron tip by a chemical reaction with Co, and therefore, the carbides are hard to be
removed from the iron tip even by air cleaning. Therefore, with an increase in use
frequency, the adhesion area of the carbides increases, and finally, the soldering becomes
difficult.

[0012]

In addition, the solder alloys described in Patent Documents 2 and 3 are solder
alloys used in reflow soldering, and therefore, the use of the soldering iron is not supposed.
Even if the Fe leaching can be prevented because Co happens to be contained, the adhesion
of the carbides cannot be prevented as with Patent Document 1. Here, use in a wire form
is also disclosed in Patent Document 3. However, the solder alloy is spheroidized by
punching in Examples, and therefore, the solder alloy described in Patent Document 3 is
premised to be used in the reflow soldering. Accordingly, in the invention described in
Patent Document 3, problems caused in the case where soldering is performed by use of
the soldering iron are not supposed, and of course, means for solving the problems are not
provided.

[0013]

An object of the present invention is to provide a solder alloy for preventing Fe
leaching which prevents iron-tip leaching and adhesion of carbides to an iron tip, for
prolonging the lifetime of the iron tip, a flux-cored solder, a wire solder, a flux-cored wire

solder, a flux-coated solder, a solder joint and a soldering method.

Solution to Problems
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[0014]

Initially, the present inventors studied to prevent the adhesion of the carbides to
the iron tip by reduction in the Co content. However, although the adhesion of the
carbides was prevented, the Fe leaching could not be prevented. Then, the present
inventors went back to a Co-free alloy composition, and first, focused on a Fe-containing
solder alloy having a possibility of preventing the Fe leaching and further preventing the
adhesion of the carbides as compared with Co. That is, the present inventors studied
elements with respect to a Sn-Ag-Cu-Fe solder alloy, which are capable of achieving both
the prevention of the Fe leaching and the prevention of the carbonization of the rosin.
[0015]

Zr is easily oxidized, and is an element hard to handle from the viewpoint of
production. Conventionally, therefore, it has not been positively added. On the other
hand, it has been known that, when Zr is added to the Sn-Ag-Cu-Fe solder alloy, interface
growth of an intermetallic compound at a solder bonding interface is reduced. The
Sn-Ag-Cu-Fe solder alloy has an effect of preventing the Fe leaching because of the added
Fe. However, Zr which is the element hard to handle was intentionally added in order to
further improve the effect of preventing the Fe leaching by reducing diffusion of Sn. Asa
result, the following findings were obtained: the effect of preventing the Fe leaching was
improved, and the carbonization of the rosin was unexpectedly prevented. Furthermore,
the following finding was also obtained: even if the rosin was slightly carbonized, the
adhesion of the carbides to the iron tip was rarely found.

[0016]

In addition, Cu is generally used as a material of an electrode. However, Ni or
Al may be used depending on the use thereof. An electrode plated with Ni/Au is also
used. In order to confirm prolongation of the lifetime of the iron tip and effect of
preventing the carbonization without depending on the material of the electrode, Cu-free
Sn-Ag-Fe-Zr solder alloys were studied. Furthermore, from the viewpoint of cost
reduction, Ag-free Sn-Fe-Zr solder alloys were studied. ~As a result, in both the solder
alloys, the following finding was obtained: an effect similar to that of the Sn-Ag-Cu-Fe
solder alloy was obtained.

[0017]

The present invention achieved based on these findings is as follows.
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(1) A solder alloy for preventing Fe leaching, which prevents adhesion of a
carbide to an iron tip, the solder alloy having an alloy composition consisting of, in mass
%: Fe: 0.02 to 0.1%; and Zr: more than 0% and 0.2% or less, with the balance being Sn.
[0018]

(2) The solder alloy for preventing Fe leaching according to the above (1),
wherein the alloy composition further comprises Cu: 0.1 to 4%.

[0019]

(3) The solder alloy for preventing Fe leaching according to the above (1) or (2),
wherein the alloy composition further comprises at least one of Sb: 5 to 20%, Ag: 4% or
less and Bi: 3% or less.

[0020]

(4) The solder alloy for preventing Fe leaching according to any one of the
above (1) to (3), wherein the alloy composition further comprises at least one of Ni: 0.3%
or less and Co: 0.2% or less.

[0021]

(5) The solder alloy for preventing Fe leaching according to any one of the
above (1) to (4), wherein the alloy composition further comprises, in mass %, at least one
of P: 0.1% or less, Ge: 0.1% or less and Ga: 0.1% or less.

[0022]

(6) A flux-cored solder comprising the solder alloy for preventing Fe leaching
according to any one of the above (1) to (5).

[0023]

(7) A wire solder comprising the solder alloy for preventing Fe leaching
according to any one of the above (1) to (5).

[0024]

(8) A flux-cored wire solder comprising the solder alloy for preventing Fe
leaching according to any one of the above (1) to (5).

[0025]

(9) A flux-coated solder according to any one of the above (1) to (8), wherein a
surface of the solder is coated with a flux.

[0026]
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(10) A solder joint comprising the solder alloy for preventing Fe leaching
according to any one of the above (1) to (5).
[0027]

(11) A soldering method comprising soldering using a flux-cored solder and a
soldering iron, wherein

the flux-cored solder consists of a flux and a solder alloy containing, in mass %,
Fe: 0.02 to 0.1%, Zr: more than 0% and 0.2% or less and Sn: 67.9% or more,

the solder alloy has a melting temperature of 350°C or lower,

the flux-cored solder is heated to a temperature range of 240 to 450°C by the
soldering iron, thereby oxidizing Zr in the solder alloy to produce a zirconium oxide, and

carbonization of a component of the flux is prevented by a catalytic action of the
zirconium oxide and adhesion of a carbide of the flux to an iron tip of the soldering iron is

prevented.

Brief Description of the Drawing
[0028]
[FIG. 1] FIG. 1 shows a ternary diagram of a Sn-Fe-Zr solder alloy.

Description of Embodiments
[0029]

The present invention is described in detail below. In this description, “%” with
respect to a solder alloy composition is “mass %”, unless otherwise specified.
[0030]

1. Alloy Composition
(1) Fe: 0.02 to 0.1%

Fe is an element effective for reducing elution of Fe into a solder alloy and
preventing leaching of a Fe alloy with which an iron tip of a soldering iron is coated.
When the Fe content is less than 0.02%, these effects cannot be sufficiently obtained. As
the lower limit of the Fe content, it is 0.02% or more, preferably 0.03% or more, and more
preferably 0.04% or more. On the other hand, when the Fe content is more than 0.1%, the
melting temperature of the solder alloy is excessively increased to require an increase in

the set temperature of the soldering iron. This is unfavorable from the viewpoint of the
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heat-resistant temperature or the like of electronic parts to be subjected to soldering. As
the upper limit of the Fe content, it is 0.1% or less, preferably 0.08% or less, and more
preferably 0.06% or less.

[0031]

(2) Zr: more than 0% and 0.2% or less

Zr is an element necessary for preventing the carbonization of rosin present in a
flux by a catalytic action based on Zr. The catalytic action based on Zr is assumed to
show the following behavior.

[0032]

Zirconium oxide has both oxidizing properties and reducing properties, and it is
therefore considered to show the catalytic action (Tsutomu Yamaguchi, J. Jpn. Petrol. Inst.,
Vol. 36, No. 4, pp. 250-267 (1993)). Accordingly, it is assumed that zirconium oxide can
prevent the carbonization itself of the rosin by oxidation and reduction. In addition to
this, even if carbides have been formed, progress of the carbonization is inhibited by a
reducing action to the carbides formed. It is therefore assumed that the carbonization of
the rosin can be secondarily prevented. In addition, even if the rosin is slightly
carbonized, the adhesion of the carbides to the iron tip is rarely found.

[0033]

Furthermore, there is a report that Zr initiates oxidation at 240 to 290°C
(Hidetsugu Nakamura et al., J. Ind. Exp. Soc. Jpn., 51(6), P. 383 (1990)). Therefore, in
order to obtain the above-mentioned effect, the soldering temperature of 240°C or higher is
considered to be effective.

[0034]

During soldering by means of the soldering iron, the iron-tip temperature is
usually 350 to 450°C. When the solder alloy of the present invention is used in soldering
using the soldering iron, most of Zr in the solder alloy is considered to be present as
zirconium oxide during soldering. Accordingly, in view of the temperature range in
which the catalytic action based on zirconium oxide is exerted, the solder alloy of the
present invention is suitably used for soldering using the soldering iron.

[0035]
When the Zr content is 0%, the effect of preventing the carbonization cannot be

obtained. As the lower limit of the Zr content, it is more than 0%, preferably 0.001% or
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more, and more preferably 0.005% or more. On the other hand, when the Zr content is
more than 0.2%, the zirconium compound is abnormally deposited, and therefore, the
melting temperature of the solder alloy is excessively increased to require an increase in
the set temperature of the soldering iron. This is unfavorable from the viewpoint of the
heat-resistant temperature or the like of electronic parts to be subjected to soldering. As
the upper limit of the Zr content, it is 0.2% or less, preferably 0.05% or less, and more
preferably 0.03% or less. In the solder alloy of the present invention, the effect of
preventing the carbonization can be sufficiently obtained even when the Zr content is
slight. Therefore, as the upper limit of the Zr content, it is particularly preferably 0.006 or
less.

[0036]

(3) Cu: 0.1 to 4%

Cu is an optional element which can prevent electrode leaching when a material
of an electrode is Cu. When the Cu content is 0.1% or more, the above-mentioned effect
can be obtained. From this viewpoint, as the lower limits of the Cu content, it is
preferably 0.1% or more, more preferably 0.3% or more, and still more preferably 0.5% or
more. On the other hand, when the Cu content is 4% or less, the soldering-iron
temperature can be set to a temperature range of the soldering working temperature (240 to
450°C), and thermal damage of the electronic parts to be subjected to soldering can be
prevented. Accordingly, as the upper limit of the Cu content, it is preferably 4% or less,
more preferably 1.0% or less, and still more preferably 0.7% or less.

[0037]
(4) At least one of Sb: 5 to 20%, Ag: 4% or less, and Bi: 3% or less

Sb, Ag and Bi are optional elements which can improve wettability of the solder
alloy.
[0038]

Sb can improve temperature cycle properties or fatigue resistance properties, in
addition to the above-mentioned effects. In order to obtain such effects, when the solder
alloy of the present invention contains Sb, as the lower limit of the Sb content, it is
preferably 5% or more, more preferably 6% or more, and still more preferably 7% or more.
When the Sb content is 20% or less, it becomes possible to form the solder alloy. When

the solder alloy of the present invention contains Sb, as the upper limit of the Sb content, it
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is preferably 20% or less, more preferably 15% or less, and still more preferably 10% or
less.
[0039]

When Ag is contained in an amount of 0.3% or more, the wettability is
significantly improved, and when Ag is contained in an amount of 1% or more, the
wettability is further improved. When the solder alloy of the present invention contains
Ag, as the lower limit of the Ag content, it is preferably 0.3% or more, and more preferably
1% or more. Furthermore, when the Ag content is 0.3% or more, the melting temperature
of the solder alloy is decreased, and therefore, the set temperature of the soldering iron can
be decreased, in addition to the above-mentioned effect. In addition to this, the
occurrence of the Fe leaching can also be prevented. On the other hand, when the Ag
content is 4% or less, crystallization of a coarse compound of SnAg is prevented, and a
defect such as a bridge can be prevented when soldering work is performed. When the
solder alloy of the present invention contains Ag, as the upper limit of the Ag content, it is
preferably 4% or less, and more preferably 3.5% or less.

[0040]

Bi can improve strength of the solder alloy, and decrease the melting temperature
of the solder alloy, in addition to the above-mentioned effect. In order to sufficiently
obtain such an effect, when the solder alloy of the present invention contains Bi, as the
lower limit of the Bi content, it is preferably 0.06% or more, more preferably 0.3% or
more, and still more preferably 0.5% or more. On the other hand, when the Bi content is
3% or less, crystallization of Bi single-phase is prevented and a decrease in falling impact
properties can be prevented. When the solder alloy of the present invention contains Bi,
as the upper limit of the Bi content, it is preferably 3% or less, more preferably 2% or less,
and still more preferably 1% or less.

[0041]
(5) At least one of Ni: 0.3% or less and Co: 0.2% or less

Ni and Co are optional elements which can prevent the leaching for the Fe alloy.
[0042]

Ni can improve the fatigue resistance of the solder alloy, in addition to the
above-mentioned effect. In order to sufficiently obtain these effects, when the solder

alloy of the present invention contains Ni, as the lower limit of the Ni content, it is
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preferably 0.01% or more. In addition, when the Ni content is 0.3% or less, an increase in
the set temperature of the soldering iron due to an increase in the melting temperature of
the solder alloy can be prevented, and the occurrence of the Fe leaching can be prevented.
When the solder alloy of the present invention contains Ni, as the upper limit of the Ni
content, it is preferably 0.3% or less, and more preferably 0.1% or less.

[0043]

Co promotes the carbonization of the rosin, when Co is added to a Zr-free solder
alloy. However, when the solder alloy contains Co together with Zr, the carbonization
itself of the rosin based on Zr is prevented, and therefore, while decreasing the adhesion of
the carbides, the effect of preventing Fe leaching is also obtained. When the solder alloy
of the present invention contains Co, in order to obtain the above-mentioned effect based
on Co, as the lower limit of the Co content, it is preferably 0.005% or more. In addition,
when the Co content is 0.2% or less, an increase in the melting temperature of the solder
alloy can be prevented. When the solder alloy of the present invention contains Co, as the
upper limit of the Co content, it is preferably 0.2% or less, and more preferably less than
0.05%.

[0044]
(6) At least one of P: 0.1% or less, Ge: 0.1% or less, and Ga: 0.1% or less

P, Ge and Ga are optional elements which can prevent the oxidation of Sn.

When the solder alloy of the present invention contains these elements, as the lower limits
thereof, these are each preferably 0.001% or more.
[0045]

In addition, when the contents of P and Ge fall within the above-mentioned range,
an increase in the melting temperature of the solder alloy can be prevented. When the
solder alloy of the present invention contains these elements, as the upper limits of these
contents, these are each preferably 0.01% or less.

[0046]

Furthermore, when the Ga content is 0.1% or less, a risk of forming a low-melting
point phase due to segregation of Ga can be decreased. When the solder alloy of the
present invention contains Ga, as the upper limit of the Ga content, it is preferably 0.01%
or less.

[0047]
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The balance of the solder alloy in the present invention is Sn. Besides the
above-mentioned elements, unavoidable impurities may be contained. Even when the
unavoidable impurities are contained, the above-mentioned effects are not affected. In
addition, as described later, when element(s) not contained in the present invention is
contained as unavoidable impurities, the above-mentioned effects are not affected.

[0048]
2. Melting Temperature of Solder Alloy

The solder alloy in the present invention desirably has a melting temperature of
350°C or lower. This is because the iron tip is usually heated at 350 to 450°C in the case
of soldering using a soldering iron.

[0049]
3. Flux-Cored Solder, Wire Solder, Flux-Cored Wire Solder and Flux-Coated Solder

The solder alloy in the present invention is suitably used for a flux-cored solder
already having a flux in the solder. In addition, from the viewpoint of feeding the solder
to the iron, the solder alloy can also be used in a form of a wire solder. Furthermore, the
solder alloy can also be applied to a flux-cored wire solder in which the flux is sealed in
the wire solder. ~ Still further, a surface of each solder may be coated with the flux. In
addition to this, a surface of the solder having no flux in the solder may be coated with the
flux.

[0050]

The flux content in the solder is, for example, 1 to 10 mass %, and the rosin
content in the flux is 70 to 95%. In general, the rosin is an organic compound and
contains carbon and oxygen. Therefore, a terminal functional group and the like are not
limited in the present invention.

[0051]
4. Solder Joint

In addition, a “solder joint” in the present invention means a connecting part of an
electrode, and the connecting part is formed of the solder alloy in the present invention.

In addition, examples of materials of the electrode include Cu, Ni and Al, and the electrode
may be an electrode obtained by applying Ni/Au plating to a Cu electrode.

[0052]

5. Soldering Method
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A soldering method using the solder alloy of the present invention is a soldering
method of performing soldering using the flux-cored solder and the soldering iron.
[0053]

The flux-cored solder used in the present invention consists of the
above-mentioned flux and the solder alloy.

The flux-cored solder consists of the flux and the solder alloy containing, in mass
%, Fe: 0.02 to 0.1%, Zr: more than 0% and 0.2% or less and Sn: 67.9% or more, and the
solder alloy preferably has the above-mentioned alloy composition of the solder alloy.
The flux components are as described above.

[0054]

The soldering method of the present invention includes feeding a solder alloy
having a predetermined alloy composition to an iron tip set to a predetermined
temperature, and heating and melting the solder alloy to solder an electrode or the like.
For example, this method is suitable for an automatic soldering apparatus in which
soldering is performed a large number of times for a short period of time. In the present
invention, of course, the iron-tip temperature of the soldering iron is set to a temperature
higher than the melting temperature of the solder alloy. Accordingly, the solder alloy is
melted to cause convection of the flux-cored solder, thereby oxidizing Zr to produce
sufficient amount of zirconium oxides, and the carbonization can be prevented by the
catalytic action thereof. In order to exert the catalytic action of the zirconium oxides
obtained by the oxidation of Zr, the iron-tip temperature of the soldering iron is required to
be 240 to 450°C, and desirably 350 to 450°C. The heating atmosphere is not particularly
restricted, and it is not particularly limited as long as the catalytic action based on the
zirconium oxide can be exerted.

[0055]

As described above, the soldering method of the present invention satisfies the
above-mentioned temperature range of the soldering iron, as compared with the usual
soldering using the soldering iron, and therefore, the oxidation of Zr can be promoted and

the carbonization of the flux components can be prevented.

Examples

[0056]
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The solder alloys shown in Table 1 were prepared. All of these solder alloys
were confirmed to have melting temperatures of 350°C or lower. Using these solder
alloys, flux-cored solders were formed, and the Fe leaching and the carbonization were
evaluated. The results of evaluation are shown in Table 1.
<Fe Leaching>

Using an automatic soldering apparatus (manufactured by JAPAN UNIX
(registered trade mark) CO., LTD., UNIX (registered trade mark)-413S), soldering was
performed in the atmosphere at an iron-tip temperature of 380°C, a solder feeding speed of
10 mm/sec and a solder feeding amount of 15 mm per shot, and the Fe leaching of an iron
tip was evaluated, while subjecting the iron tip to air cleaning once every 10 shots. An
iron used is P2D-R (model number) manufactured by JAPAN UNIX (registered trade
mark) CO., LTD., and Fe plating having a film thickness of 500 um is applied to a surface
of Cu which is a core of the iron. In addition, as the flux-cored solder, one having a flux
content of 3 mass% in the solder and a rosin content of 90% in the flux was used.

[0057]

In an evaluation method of the Fe leaching, a state where a hole was formed in the
Fe plating of the iron tip at the time of 25,000 shots to expose Cu as the core material was
evaluated as “X”, and a state where no hole was formed was evaluated as “O”.
<Carbonization>

Using the automatic soldering apparatus (manufactured by JAPAN UNIX
(registered trade mark) CO., LTD., UNIX (registered trade mark)-413S), soldering was
performed at an iron-tip temperature of 380°C, a solder feeding speed of 10 mm/sec and a
solder feeding amount of 15 mm per shot, and the carbonization of the iron tip was
evaluated, while subjecting the iron tip to air cleaning once every 10 shots. The
flux-cored solder used was one used in the evaluation of the Fe Leaching.

[0058]

In an evaluation method of the carbonization, a state where carbides adhered to a
Fe-plated part of the iron tip at the time of 10,000 shots was evaluated as “X”, and a state
where no carbides adhered was evaluated as “O”.  When the carbides adhere to the
Fe-plated part of the iron tip, the contact area with the solder is decreased to deteriorate
solderability.

[0059]
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In Table 1, the case where the evaluation could not be performed in the evaluation

11313

of the Fe leaching and the carbonization is represented by

[0060]
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Table 1
Alloy composition (mass %) Fe leaching | Carbonization
Sn Fe Zr Cu | Sb | Ag Bi Ni Co Ge Ga
Example 1 | Balance | 0.02 | 0.020 O ©)
Example 2 | Balance | 0.10 | 0.020 O ©)
Example 3 | Balance | 0.04 | 0.001 O ©)
Example 4 | Balance | 0.04 | 0.020 O ©)
Example 5 | Balance | 0.04 | 0.200 O ©)
Example 6 | Balance | 0.02 | 0.020 | 0.5 3 O ©)
Example 7 | Balance | 0.10 | 0.020 | 0.5 3 O O
Example 8 | Balance | 0.04 | 0.001 | 0.5 3 O ©)
Example 9 | Balance | 0.04 | 0.006 | 0.5 3 O ©)
Example 10 | Balance | 0.04 | 0.020 | 0.5 3 O ©)
Example 11 | Balance | 0.04 | 0.200 | 0.5 3 O ©)
Example 12 | Balance | 0.04 | 0.020 | 0.1 3 O ©)
Example 13 | Balance | 0.04 | 0.020 4 3 O ©)
Example 14 | Balance | 0.04 | 0.020 | 0.5 - O ©)
Example 15 | Balance | 0.04 | 0.020 5 O O
Example 16 | Balance | 0.04 | 0.020 10 O ©)
Example 17 | Balance | 0.04 | 0.020 | 0.5 | 10 O ©)
Example 18 | Balance | 0.04 | 0.020 | 0.5 | 10 3 O ©)
Example 19 | Balance | 0.02 | 0.020 10 O ©)
Example 20 | Balance | 0.10 | 0.020 10 O ©)
Example 21 | Balance | 0.04 | 0.020 3 O ©)
Example 22 | Balance | 0.04 | 0.020 | 0.5 0.08 ©) ©)




Table 1 continued
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Alloy composition (mass %) Fe leaching | Carbonization
Sn Fe Zr Cu | Sb | Ag Bi Ni Co P Ge Ga
Example 23 | Balance | 0.04 | 0.020 | 0.5 - 0.1 O ©)
Example 24 | Balance | 0.04 | 0.020 | 0.5 3 3 O ©)
Example 25 | Balance | 0.04 | 0.020 | 0.5 3 0.06 ©) ©)
Example 26 | Balance | 0.04 | 0.020 | 0.5 3 0.3 O ©)
Example 27 | Balance | 0.04 | 0.020 | 0.5 3 0.01 O ©)
Example 28 | Balance | 0.04 | 0.020 | 0.5 3 0.2 ©) ©)
Example 29 | Balance | 0.04 | 0.020 | 0.5 3 0.005 O O
Example 30 | Balance | 0.04 | 0.020 | 0.5 3 0.1 O ©)
Example 31 | Balance | 0.04 | 0.020 | 0.5 3 0.01 O ©)
Example 32 | Balance | 0.04 | 0.020 | 0.5 3 0.1 O ©)
Example 33 | Balance | 0.04 | 0.020 | 0.5 3 0.01 ©) ©)
Example 34 | Balance | 0.04 | 0.020 | 0.5 3 0.1 O ©)
Example 35 | Balance | 0.04 | 0.020 | 0.5 3 0.01 O ©)
Example 36 | Balance | 0.04 | 0.020 | 0.5 3 3 0.3 0.2 0.1 | 0.1 | 0.1 O ©)
Example 37 | Balance | 0.04 | 0.020 | 0.5 | 10 3 3 0.3 0.2 0.1 | 0.1 | 0.1 O O




Table 1 continued
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Alloy composition (mass %) Fe leaching | Carbonization
Sn Fe Zr Cu | Sb | Ag | Bi | Ni Co Ge Ga

Comparative | Balance | 0.01 | 0.020 X O
Example 1

Comparative | Balance | 0.15 | 0.020 - -
Example 2

Comparative | Balance | 0.04 O X
Example 3

Comparative | Balance | 0.04 | 0.300 - -
Example 4

Comparative | Balance 0.5 3 X O
Example 5

Comparative | Balance | 0.01 | 0.020 | 0.5 3 X
Example 6

Comparative | Balance | 0.15 | 0.020 | 0.5 3 - -
Example 7

Comparative | Balance | 0.04 0.5 3 O X
Example 8

Comparative | Balance | 0.04 | 0.300 | 0.5 3 - -
Example 9

Comparative | Balance 0.5 3 0.005 O X

Example 10
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[0061]

As is shown in Table 1, in all of Examples 1 to 37, the evaluation of the Fe
leaching was “O”, and the evaluation of the carbonization was also “O”.

[0062]

On the other hand, in Comparative Examples 1 and 6 in which the Fe content was
small, at the time of 25,000 shots, the Fe leaching occurred and Cu which was the core of
the iron was exposed. In addition, in Comparative Example 5 in which Fe was not
contained, the Fe leaching occurred at the time of 10,000 shots, and therefore, the
carbonization was not evaluated.

[0063]

In Comparative Examples 2 and 7 in which the Fe content was large, the melting
temperature of each solder alloy was excessively increased to require an increase in the set
temperature of the iron tip. This is unfavorable from the viewpoint of the heat-resistant
temperature of electronic parts. Accordingly, such solder alloys did not have minimum
performance as the flux-cored solder, and therefore, the Fe leaching and the carbonization
were not evaluated.

[0064]

In Comparative Examples 3 and 8 in which Zr was not contained, the Fe content
was suitable, and therefore, the Fe leaching did not occur. However, the carbonization
could not be prevented because Zr was not contained.

[0065]

In Comparative Examples 4 and 9 in which the Zr content was large, the Zr
compound was abnormally deposited, and therefore, the melting temperature of the solder
alloy was excessively increased to require an increase in the set temperature of the iron tip.
For the same reason as described above, the Fe leaching and the carbonization were not
evaluated.

[0066]

In Comparative Example 10 in which Fe and Zr were not contained and Co was
contained, the adhesion of the carbides was observed, although the problem of the Fe
leaching could be solved. In Comparative Example 10 in which Co was contained in the
Sn-Ag-Cu solder alloy, a larger amount of the carbides were adhered than the case of

Comparative Example 8 in which Fe was contained in the Sn-Ag-Cu solder alloy.



10

15

19

[0067]

In addition, the Sn-Fe-Zr-based solder alloy of the present invention is described
in detail using a ternary diagram thereof. FIG. 1 shows the ternary diagram of the
Sn-Fe-Zr solder alloy. In FIG. 1, the base is the Sn content (mass %), the left side is the
Zr content (mass %), the right side is the Fe content (mass %), “O” indicates Examples 1
to 5, “X” indicates Comparative Examples 1 to 4, and the mesh area indicates the
composition area of the present invention. As is apparent from FIG. 1, it is found that all
the alloy compositions in which Fe and Zr fall within the ranges of the present invention
can prevent the Fe leaching and the carbonization. In particular, in Example 3 in which
the Zr content is 0.001%, it has become clear that the sufficient effect of preventing the
carbonization could be obtained. On the other hand, the alloy compositions outside the
range of the present invention did not satisfy both of them at the same time. This is the
same also for the alloy composition containing optional element(s) in the present

invention.
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CLAIMS

1. A solder alloy for preventing Fe leaching, which prevents adhesion of a
carbide to an iron tip, the solder alloy having an alloy composition consisting of, in mass

%: Fe: 0.02 to 0.1%; and Zr: more than 0% and 0.2% or less, with the balance being Sn.

2. The solder alloy for preventing Fe leaching according to claim 1, wherein

the alloy composition further comprises Cu: 0.1 to 4%.

3. The solder alloy for preventing Fe leaching according to claim 1 or 2,
wherein the alloy composition further comprises at least one of Sb: 5 to 20%, Ag: 4% or

less and Bi: 3% or less.

4. The solder alloy for preventing Fe leaching according to any one of
claims 1 to 3, wherein the alloy composition further comprises at least one of Ni: 0.3% or

less and Co: 0.2% or less.

5. The solder alloy for preventing Fe leaching according to any one of
claims 1 to 4, wherein the alloy composition further comprises, in mass %, at least one of

P: 0.1% or less, Ge: 0.1% or less and Ga: 0.1% or less.

6. A flux-cored solder comprising the solder alloy for preventing Fe

leaching according to any one of claims 1 to 5.

7. A wire solder comprising the solder alloy for preventing Fe leaching

according to any one of claims 1 to 5.

8. A flux-cored wire solder comprising the solder alloy for preventing Fe

leaching according to any one of claims 1 to 5.

9. A flux-coated solder according to any one of claims 1 to 8, wherein a

surface of the solder is coated with a flux.
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10. A solder joint comprising the solder alloy for preventing Fe leaching

according to any one of claims 1 to 5.

11. A soldering method comprising soldering using a flux-cored solder and a
soldering iron, wherein

the flux-cored solder consists of a flux and a solder alloy containing, in mass %,
Fe: 0.02 to 0.1%, Zr: more than 0% and 0.2% or less and Sn: 67.9% or more,

the solder alloy has a melting temperature of 350°C or lower,

the flux-cored solder is heated to a temperature range of 240 to 450°C by the
soldering iron, thereby oxidizing Zr in the solder alloy to produce a zirconium oxide, and

carbonization of a component of the flux is prevented by a catalytic action of the
zirconium oxide and adhesion of a carbide of the flux to an iron tip of the soldering iron is

prevented.



