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A_METHOD OF BONDING A METAY, BY SOLDER

BACKGROUND OF THE INVENTION
The present invention relates to a solder bonding method
for ﬁetal or a member including metal, or more preferably, an
electronic member. More particularly, the present invention
relates to a solder bonding method which prevents metal from

oxidizing during transportation or preservation and which

enables the solder bonding of metal applying flux, which .. _ _

~contains a small amount of halogen, and without cleaning.'

When a member including metal is exposed to air during
preservation or transportation, the metal easily oxidizes, an
oxide layer forms over the metal surface, and the bonding
properties of solder on the metal rapidly deteriorates.
Therefore, in order to attain good bonding properties between
the metai and solder by removing the oxide layer on the metal
sutface, flux (ﬁostflux) is applied.én the portion to bé
bonded with the other material or member by solder bonding.

However, the postflux.usually contains halogen compounds, and

‘when the postflux containing a large amount of halogeh

compounds is used in the soldex bonding of - a member having
metal, especially an electronic member used in the electronic
field, the remaining halogen compounds cause the corrosion of

metal and lowers the electrical insulatability. Therefore,

the halogen compounds remaining on the electronic member after

application of solder are removed by cleaning treatment with

organic halogen based solvents such as chlorofluoro hydro-
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water confaining surface active agents. However, the use of
organic halogen-based solvents tends to be prohibited by
international conventions in order to prevent the destruction
of earth’s environment such as the ozone layer, thereby
limiting the applicability of flux containing a large amount
of halogen compounds to the solder bonding of electronic
material and/or an electronic member. Moreover, there are
some problems in the water cleaning that waste water _. ... .. .. . _
conﬁaining heavy metals and organic solvents after the water
cleaning has to be treated in order not to contaminate the
earth’s environment with heavy metals and organic solvents and
that drying after the water cleaning costs a considerable
amount of money.
Because of the above-mentioned circumstances, no cleaning

technology which does not require cleaning after the solder

' bonding when organic halogen based solvents are used has been
developed by applying a postflux containing a small amount of
halogen compounds (hereinafter referred to as "subvital
postflux"). In this case, the amount of the remaining haiogen
on a substrate on which parts are mounted by solder bonding
has to be restrained in the amount of ].&l}{g/:x’.::u':h2 or less. It
is necessary to reduce the amount of halogen contained in the
subvital postflux.

Because of the weak strength of the subvital poétfiux to

remove oxides, it is necessary to prevent the oxidation of the
member including metallduring preservation or transportation.

Therefore, the following preservation methods are usually
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adopted: accommodating the metal mémber and a desiccant in a
hermetically sealed manner; or replacing the inside of the
preservation container with inert gas. However, these
preservation methods have not always been satisfactory. For
example, it is not easy to completely replace the air within
the preservation container even by the method of replacing the
inside of the container with inert gas such as nitrogen and
argon. Even if the air is completely replaced, oxygen and
moisture permeate ;hrough-the packing material into the
container during preservation, and the oxygen content and the
humidity within the preservation container increase, causing
the metal surface to be oxidized. In the method using
desiccants, even if moisture is completely removed, the
problem that oxidation of the metal occurs still remains.
Moieover, the humidity rises due to moisture that permeates
through the packing.material with the passage of time or the
moisture contained in the object to be preserved, dausing
oxidation of the metal surface. |

In any case, it was difficult to prevent oxidation of the
metal member by the conventional methods. As a result, there
was a problem tﬁat the oxide layer of the metal member could
not be removed by the solder bonding using the subvital
postflux.

As described above, there was a problem that sufficient’
bonding properties could not be obtained by the conventional
method of bonding metal by solder using a subvital postflux.

The object of the present invention is to provide a method for
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. .
enabling a good solder bonding of the metal and other material

or member using a no-éleaning subvital postflux.
SﬁMM.ARY OF THE INVENTION

After concentrating their energies on study to solve the
above;mentioned problems with the prior art, the inventors
have found that oxidation of metal can be prevented by
accommodating a member including metal and a. packet packing a. . .
rust-proof agent, which absorbs substances that oxidize metal
such as oxygen, moisture and acid gas, in a gas-impermeable
container in a hermetically sealed manner, and that good
bonding properties of solder such as bonding strength and
cohesiveness may be attained applying a no-cleaning subvital
posiflux by removing the substances that oxidize metal within
the container, and the inventors thereby achieved the present
invention.

The present invention relates to a method for bonding a
metal by solder. More particularly, the contents of the
present invention comprise the step of accommodating a mémber
including metal together with a packet of rust-proof.agent in
a gas-impermeable container in a hermetically sealed manner
and the step of applying a postflux, containing halogen
compounds in the amount of 0.2% or less as the amount of
halogen, on the portion of the metal material to be bonded
with another méterial and/or member including metal in order.

to conduct the solder bonding.
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The method of the present invention inhibits the
existence of oxygen, moisture and corrosive substances in the
hermetically sealed éondition as much as possible by
preserving the metal member together with the rust-proof
ageht, which absorbs at least oxygen and preferably further
absorbs moisture and acid gas, accommodated in the gas-
impérmeable container in a hermetically sealed manner.
Moreover, the method of the present invention prevents
formation of an oxide layer over the metal surface of the
metal member by keeping an electronic material in an
atmosphere where reductive gas co-exists, and enables the
solder bonding of the metal material using the flux containing
a small amount of halogen. |

The member including metal bonded by solder in the
éresent invention may be a simple substance or an alloy which
is capable of being bonded by solder, or preferably parts
including metal, or more preferably an electronic member such
as electronic parts used in the.electronics field. The member
including metal may be a metal-material itself. |

As examples of metals which are to be bonded by solder,
copper, silver, iron, zinc; lead, tin, nickel and gold may be
listed. An alloy containing two or more kinds of these metals
may be used. When oxygen exists, an oxide layer is formed on
the surface of these metals,'and it is assuﬁéd that the
formation of the oxide layer may be promotéd by the existence
of moisture énd corrosive substances such as sulfur compounds

and halogen compoﬁnds.
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As the member including metal, an electronic member is
especially preferable. The electronic member including metal
essentially comprises metallic and plastic materials, and the
metal portions are bonded with other parts,-members or
materials by solder. Exémples of the electronic member are
electronic parts such as basic elements and wiring substrates.

- As basic elements, electronic parts such as cables,
resistors, capacitors, relays, semiconductor devices and wave
guides may be listed. A wiring substrate is made by forming
conductive metal foils into a pattern and laminating such
pattern over a plastic layer. In some case, this wiring
substrate is further gilded with silver, tih'or solder, or is
previously coated with a preflux of which the main components
are rosin, polyester res;n and the like. Such electronic
member gilded with solder or previously coated with preflux
may be preserved without any modification together with a

" rust-proof agent packet in a hermetically sealed manner.

A solder metal formed into powder or cream may be used.
The solder cream is formed by mixing the powdery solder, the
postflux'and organic solvénts. The grain size of the powdery
solder metal is 10 to 70@m, or preferably 10 to 50Bm.

A rust-proof agent packet is a packet packaging an oxygen
absorbing agent which easily absorbs oxygen in a dry condition
in a state where no water exists, i.e., an oxygen absorbing
agent which does not require the existence of water in the
oxygen absorption reaction, or preferably an oxygen absorbing
agent capable of not only absorbing oxygen but also absorbing

x\
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moisture and corrosive substances such as sulfur compounds and
halogen compounds.

The rust-proof agent packet is accommodated in a
preservation container together with the member including
metal in a hermetically'sealed manner, and it absorbs oxfgen,
moisture and corrosive substances within the preservation
container to make the oxygen content 0.5% or less, or
preferably 0.1% or less, in order to maintain an atmosphere in
the hermetically éealed condition in é state where no oxygen ..
actually exists, which inhibits the oxidation of the metal.
Especially, the oxidation of the metal may be inhibited by
removing moisture and corrosive substances such as sulfur
compounds and halogen compounds, which are known td promote
the oxidation of metals, pfeferably within 5 hours, and by
removing these substances which permeate through the
container.

If the speed of oxygen absorption by the rust-proof agent
packet is slow, the metal sometimes.becomes oxidized before a
state of no oxygen is achieved. On the other hand, if tﬁe
speed of oxygen absorption is too fast, while the rus;-proqf
agent is exposed to the atmosphere, the loss of its oxygen
.absorbing capacity becomes great and the generation of heat
becomes substantial due to a radical oxygen absorption
reaction. Therefore, the oxygen absorption speed of the rust-
proof agent, i.e., a period of time necessary for the rust-
proof agent to absorb oxygen in the hérmetically sealed
éondition until it actually achieves a state of no oxygen, is

‘adjusted to be within a range from 2 hours to 5 days, or
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preferably 3 hours to 3 days, or more preferably 5 hours to 2
days.

'To be specific, the rust-proof agent comprises an

.ﬁhsaturated fatty acid compound, or an unsaturated fatty acid
compound and a hydrocarbon compound having unsaturated groups
as the main component.

A rust-proof agent composite may contain at least one of
an oxidation promoting substance, a basic substance and an
absorption substance other than the above-mentioned main
component. |

The unsaturated fatty acid compound is at least one of an
unsaturated fatty acid and derivatives such as an ester of the
unsaturated fatty acid and a salt of the unsaturated fatty
acid. The number of carbon atoms in the unsaturated fatty
acid 6ompound is preferably 10 or more. As the unsaturated
fatty acid compound, at least one of cleic acid, linoleic
acid, linolenic acid, arachidonic acid, parinaric acid, dimer
acid, lithinolein acid, ricinoleic écid, esters thereof, fats
and oils containing these esters, and metal salts should
preferably be used.

The hydrocarboﬁ compound is preferably chain hydrocarbon,
which has one or more unsaturated groups-such as double-bonded
carbon atoms, or may be an oligomer or polymer of monomers of
a hydrocarbon chain, or a derivative of a hydrocarbon chain.

A substituent of the derivative such as hydroxyl group and
formyl group may exist. Examples 6f the hydrocarbon chain
having unsaturated groups are oligomers or polymers of

butadiene, isoprene, or 1,3-pentadiene, and équalene. The
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- number of carbon atoms in this_hydrocarﬁon chain is preferably
10 or more. However, contamination of impurities in the main
componen£ of the present invention cannot be avoided as long
as the objective of the present invention is achieved.

A preferable example of the main component of the rust-
proof agent composite is a transition metal Salt of
unsaturated fatty acid, or a mixture of transition metal salt
of unsaturated fatty acid and unsaturated fatty acid, or more
preferable mode is a mixture of such compound and hydrocarbon
polymers havihg unsaturated groﬁps.' The prevention of the
oxidation of metal is improved by the co-existence of
reductive'gas in the container. The above-described main
componént generates reductive gas such as hydrogen and carbon
monoxide when the main component absorbs oxygen. When.
accommodating the member including metal in the gas-
impermeable container together with the rust-proof agent
packet, the inside of the gas-impermeable container may be °
previously replaced with reductive gas.

An_oxidation promoting substance serves as a catalyét of
an oxygen absorptioﬁ reaction by the main component. Examples
of the oxidation promoting substance are compounds of
transition metals such as iron, cobalt, chrome, copper and
nickel. As the transition metals, for example, inorganic acid
salts such as sulfuric acid salt, hydrochloric acid salt and
nitric acid salt, organic acid salts such as fatty acid salt
and unsaturated fatty acid salt, or amine complex of '
transition metals are used. It is preferable to mix the

oxidation promoting substance with the main component equally.
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in tﬁe form of a metal salt of the unsaturated fatty acid used
for the main component.

A basic éubstance absorbs or neutralizes corrosive
substances such as.sulfuric compounds and halogen compounds,
which diffuse through the preservation container, and acid
(acidic) substances which are generated by.the oxygen
ébsorption reaction of the main component such as unsaturated
fatty acid compounds. - There is no special limitation as £o~
the basic substaﬁcé_to be used as long as the above-described
purpose is achieved. As preferable basic substances, oxides,
hydroxides, carbonates and organic acid salts of alkali metal
or alkaline earth metal, and organic amines may be listed, and
such basic substances that neutralize acid substances.

An absorption substance absorbs moisture which oxidizes
metals and more preferably absorbs even acid substances. With
regard to the main component such as the above-mentioned
unsaturated fatty acid compound and the hydrocarbon compound,
when it is held by a carrier, thé area contacting oxygen
extends and the speed of oxygen absorption increases. The

- absorption substance that also serves as such a carrier is
preferable. Egamples of the absorption substance are paper
made of natural pulp, silica gel, activated carbon, zeolite,
activated clay and diatomaceous earth. |

A rust-proof agent composite contains.a main component,
an oxidation promoﬁing substance, a basic substance and an
absorption agent as described above. The proportion of the

respective components is preferably within a range of 0.01 to
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10 parts by weight of the oxidation promoting substance, 1 to
1000 parts by weight of the basic.substance, and 10 to 1000
parts by weight of the absorption substance against 100 parts
by weight of the main component.

Among the componenté of the above rust-proof agent
composite, it is desirable to have the liquid substances held
on the absorption substance and these substances combined.
There is no limitation as to the shape of the rust-proof agent
composite, and the shape may be adjusted into a grain, tablet
or sheet as appropriate.

The above rust-proof agent composite is used as a packet
which is wrapped with a packing material having permeability,
that is, having an oxygen permeation speed of 1000ml/m’* atm* Day
or more. There is no limitation as to the air-permeable
pécking material and composition thereof. For example, the
rust-proof agent composite may be filled in a sheet of paper,
non-woven cloth, porous plastic film or sheet, or a laminated
material of these materials, and its peripheries are sealed by
heat. “

This packet may be double wrapped with a gas-permeable
packing material of which the oxygen permeability is
1000ml/m’* atm* Day or more, the humidity is_lg/nf’Day or more
and, when air is permeated, the collection efficiency of dust
in the size of 0.3pm or more is 50% or more.

There is no limitation as to the shape of the above-
described rust-proof agent packet, but a small bag shape, a
sheet shape or a blister package may be listed as examples of

the shape.
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As a gas-impermeabie container used for the preservation
of an electronic material in the present invention, a bag,
case, can or the like whose material is made of gas-
impermeable plastic or metal may be used. The gas-impermeable
container has a speed of oxygen permeation of 5ml/Day or less
per volume of 100ml, or preferably 1lml/Day or less, and the
speed of moisture permeation of 5g/Day or less per volume
100ml, or preferébly lg/Day or less.

As examples of the gas-impermeable container, a case made -
of synthetic resin such as polyethylene, polypropylene, nylon,
polyester, vinyl chloride, polystyrene, and polycarbonate, or
a bag of laminated materials made of films or sheets of vinyl
chloride, vinylidene chloride, nylon, polyethylene,

| polypropylene, polyester and the like may be used. When the
material is a plastic film or shéet, it is preferable to
-deposit aluminum, silicon dioxide, selenium dioxide or the
like on.the surface of the plastic film or sheet in order to
secure the resistance to gas permeation. Moreover, a metal
foil such as an aluminum foil is sometimes used to laminate
the plastic film.

Furthermore, as the gas-impermeable container, there is a
metal can made of iron, tin plate, stainless or aluminum, and
a plastic packing material may be used for the metal can.

In some cases, the materials used for the gas-impermeable
container are treated to eliminate static electricity charges.
The solder bonding method of the present invention is
performed by previously applying a subvital postflux over the

metal surface of the object to be bonded and by heating and
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melting the solder metal. The solder metal to be used is an
alloy containing tin. The ratio of tin contained is 5 to 95%.
The solder metal should preferably be an alloy of tin and
lead.

The subvital poStflux.is a solution of rosin dissolved in
alcohol and also contains halogen compounds such as
hydrochloride of amine and hydrogen fluoride salt. However,.
the amount of the halogen compounds contained in tﬁe postflux
is small. ' The amount of the halogen compounds containedlin~-mu-~-
the subvital postflux is, as the amount of halogen, 0.2% or
less, or preferably 0.1% or less, or more preferably 0.05% or
less.

When. the solder bonding is conducted{ the subvital
postflux is applied over the metal surface of, for example, a
wiring substrate, which is the object to be bonded by solder,
by a method such as brushing, foaming or spraying, and the
subvital postflux is heated and dried at a temperature of 50°C
to 300°C. 1In this case, the amount of the postflux applied is
10 to 1000g/m’, or preferably 15 to Sodglnf. Then, the metal
to be bonded and the counter member are bonded with solder
metal which is heated and melted at 200°C to 300°C.

Alternatively, there is a bonding method using solder
cream which is made by changing the powder of the solder
component into'a paste form and which contains subvital
postflux. 1In this case, the solder cream is applied on a
member such as a wiring substrate, is heated by infrared rays .

up to a temperature of 200°C to 300°C and is bonded.
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Figure 1 shows the changes in the oxygen content of the
rust-proof agent.packet (25°C) with the passage of time in the
hermetically sealed condition.

Figure 2 shows changes in the humidity of the rust-proof
agent packet (25°C) with the passage of time in the
hermetically sealed condition.

Figure 3 shows changes in the hydrogen sulfide content of . .
the rust-proof agent packet (25°C) with the passage of time in
the hermetically sealed condition. '

| Figure 4 éhows the reservation period and the bonding -
properties of solder (zero-cross time) on the test pieces
gilded with copper.

Figure 5 shows the preservatibn period and the bonding
properties of solder (zero-cross time) on the test pieces
gilded with silver.

Figure 6 shows.the preservation period and the bpnding
properties of solder (zero-cross'time) on the test pieces

gilded with solder.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Examples of the present invention will be described

hereinafter. However, the present invention is not limited to

the following examples.
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Example

_ (Preparation of Test Pieces)

Copper, silver and solder metal were gilded respectively
in the thlckness of Sgm on a copper ‘plate (size: 1.27mm width
x 60mm length x 0.5mm. thlckness) The gilded copper plate was
cleaned in water, dipped in ethanol at a temperature of 23°C,
and dried in blast at a temperature of 24°C to prepare three

kinds of test pieces gilded with copper, silver and solder.

(Manufacture of Rust-Proof Agent Packet)

0.2g of cobalt naphthenate was dissolved in 1.0g of a
mixture which is comprised of 0.5g of polybutadiene
(viscosity: 200 poise) and 0.5g of fatty acid of éoy bean oil.
Thé obtained ﬁolution was impregnated into Sg of granular
diatomaceous earth, and then the diatomaceous earth was coated
with 0.1g of slaked lime to manufacture a granular composite.
This granular composite (total weight: 6.3g) and 2.5g of the
granular calcium oxide were wrapped with an air-permeable
packing material (70 x 70mm), which was formed by laminating
paper and a porous polyethylene £film, with the polyethlene
film inside. Then, the peripheries of the packing material

were sealed by heat to manufacture a rust-proof agent packet.

(Gas Absorptivity of Rust-Proof Agent Packet)

One piece of the rust-proof agent packet was acéommodated
in a bag sealed on three sides (size: 220 x 300mm, surface
area: 0.1lm’, oxygen permeation speed: 0;044ml/24Hr). This bag

was made of a silicon dioxide deposited combined film which
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was formed by dépositing silicon dioxide on the inside of
polyethylene terephthalate and by laminating polyethylene and
the polyethylene terephthalate with the polyethylene facing
inside. The bag was filled with 500ml of air (humidity:
65RH%, content of hydrogen sulfide: 7ppm) and its opened
portion was hermetically sealed by heat.

'Figures 1, 2 and 3 respectively show changes with the
passage of time in the oxygen content, humidity and hydrogen
sulfide content when this bag with the rust-proof agent packet
accommodated inside in a hermetically sealed manner was left.

alone at a temperature of 25°C.

(Preservatidn of Test Pieces)

Each piece of the above~described three kinds of test
pieces was accommodated in a hermetically sealed manner with
500ml of air in the bag of the silicon dioxide deposited
combined film sealed on three sides (size: 220 x 300mm) which
is the same as the bag described above. 'This bag with the
test piece and the rust-proof agent packet accommodated inside
in a hermetically sealed manner was once retained at a
temperature of 25°C for 1 day, and then was preserved under
the atmosphere of RHI5% or more at the temperature of 40°C.

Table 1 shows the oxygen content and humidity within the
sealed bag under preservation and Figure 2 shows the
concentration of the reductive gas detected by gas
chromatography. Table 3 shows the state of discoloration of

the test pieces under preservation.
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[Table 1] Changes with the Passage of Time in the Oxygen
Content and Humidity in the Preservation Condition

Oxygen Content (%) | Humidity (RH%)
Material -
lwk.|2wks.|1mo.}1wk. |2 wks. |1 mo.
'S)l Q S)
Ex.n copper 0.02} 0.02 0.01 1 2 4
silver 0.01 0.02 0.01 0 1 3
solder 0.01§ 0.01 0.02 1 1 3
Com. copper 20.21 | 20.46 20.51 5 15 37
Ex. 1 | silver 20.58 | 20.76 20.77 7 21 41
2 solder 20.51 )1 20.75 1 20.74 6 18 39
Com. copper "1.21 1.74 2.32 28 | 54 | 81"
Ex. 2 silver | 1.89 2.44 3.42 31 57 88
solder 1.59 2.12 3.18 32 57 8

Note 1) Ex: Example

Note 2) Com. Ex: Comparative Example
Note 3) wk: week

Note 4) wks: weeks

Note 5) mo: month

[Table 2] Changes with the Passage of Time in the
Concentration of Reductive Gas in the Preservation

Condition
Hexane | Butyr-
Mate- CO (%) H, (%) (%) aldehyde
rial (%)
1 wk. 1 mo. 1 wk.| 1 mo. 1 mo. 1 mo.
Ex. | copper| 0.32 0.41 0.24 0.25 0.02 5
silver | 0.31 0.38 0.25 0.27 0.03 4

soldexr | 0.34 0.39 0.22 0.24 0.03 5
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[Table 3] State of Discoloration of Preserved Test Pieces

State of Discoloration
Material | .
¢ Before 1 week 2 weeks 1 month
preser-
vation
Ex. copper - - - -
silver - - - -
solder - - - -
Com. copper - - + ++
Ex. 1 | silver - - + +
soldexr - - + ++
Com. copper - T+ C g ++
Ex. 2 | silver - + + ++
solder - + ++ 4+

Note: State of discoloration

' ¢+ no discoloration

+ : distinguishable slight discoloration
++: substantial discoloration

+++3: overall discoloration

(Solder Bonding Properties Test)

The test piece, which was accommodated in a hermetically
sealed manner together with the rust-proof agent packet, was
taken out of the bag and the bonding properties of solder were
measured by the following method. However, with regard to the
test piece gilded with coppexr, the thickness of the oxide
layer over the metal copper surface was measured by an

electrolytic reduction method.

Testing Method of Sdlder Bonding Properties (meniscus graph
method)

A flux R type (25% isopropanol solution of rosin,
chlorine content: 27ppm) was applied over the test piece in an

application concentration of 55g/m’ with a brush, and the test
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piece was dried in hot air for 2 minutes at a temperature of

120°C. The solder bonding was performed on this test piece on

the conditions sﬁbjéct to MIL-STD-883C 2022.10. The bonding

properties of solder were evaluated by zero-cross time.

1. Measurement Device: made by RESUKA Kabushiki Kaisha
SAT-5000 Type

2. Measuring Conditions

Items

Conditions

Solder
Flux

Temperature of Solder
Bath

Dipping Time

Dipping Depth
Dipping Speed

JIS H63A (Sn63%)

R Type (rosin 25% IPA
solutlon)

245°C

5 seconds
2mm
25mm/sec

According to this testing method, when the test piece is
dipped in the solder bath, buoyancy acts on the dipped test
piece at first, and then the melted solder metal piles up
above the tesé piece.because of surface tension and the test
piece looses buoyahcy. The zero-cross time is the period of
time that lapses between the beginning of the dipping and the
time when the.buoyancy is lost. The zero-cross time is
measured automatically. Therefore, a reciprocal number of the
zero~cross time indicates the piling-up speed of the melting
solder metal. .A smaller value of the zero-cross time

indicates better bonding properties of solder with metal.
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Measurement Principle: electrolytic reduction method .
Measurement Device: made by HARIMA CHEMICALS, Ltd.,
BOARD-O-TESTER |
Measurement.Unit: The quantity of electricity required
for the reduction of copper oxide to metal copper at the
electric potential of -800mV was converted into the thickness
of Cu,0 in the following expression, and the oxide content was
obtained. . e e e
§= 71.5°1-t/96500.6
8: thickness of oxide (nm)
i: current density (coulomb/second.cm’)
t: time (second)

test piece: 10 x 60 x 0.5mm

Figures 4, 5 and 6 show the relationship between the
preservation period and the bonding properties of solder
.(zero-cross time). Moreover, Figure 4 shows the relationship
between the thickness of the oxide layer and the bonding
properties of solder with regard to the test piece gilded with
copper at the time after gilding treatment before preservation

and at the time one month after preservation.



\ -

This'Sheet T {

il

-21-

[Table 4] Thickness of Oxide Layer of the Test Piece Gilded
with Copper before Preservation and One Month After

®Placed - '
I/ T o LT S L P N A T & 1C bagagy "m@-;%ﬂﬂ“l@‘ﬁ:{“'r"

Preservation
Before Pre- Example Com. Ex. 1 | Com. Ex. 2
servation '
Thickness 49,55 49,55 496,525 401,547
of Oxide
layer (nm)
ZerO-CrOSS 004' 005 004’ 0.5 «© r «© <« r <
Time '
{second)

Note  Thickness of Oxide layer: Cu,0 conversion

Comparative Example 1

Three kinds of test pieces gilded with copper, silver and
solder were preserved in the same manner as in Example except
ﬁhat the content of the packet of the Example was changed to
3g of silica gel (Type A) in order to make a packet of

desiccant in the same procedure as in the Example.

Comparative Example 2

Three kinds of test pieces respectively gilded with
copper, silver and solder were accommodated in preservation
bags of silicon dioxide deposited combined film together with
500ml of nitrogen gas in a hermeticallj sealed manner as in
the Example, however, without using an énticorrosive packet.
In this case, since the air within the preservation bags could
not be completely replaced with nitrogen gas, the oxygen
ctontent within the bags was 0.7% when sealed. The
preservation bags containing these test pieces in a
hermetically sealed manner were preéerved in the same method

as in the Example.
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were taken out of the bags, and the bonding properties of the
solder were measured as in the Example. With regard to the
test pieces gilded with copper, the thickness of the oxide
layer over the surface of copper was measured by the
electrolytic reduction method.

The results of Comparative Examples 1 and 2 are shown
respectively in Table 1, Table 3, Table 4, Figure 4, Figure 5,
and Figﬁre 6 together with the results of the Example. -
However, no reductive gas was detected in the preservétion
condition used in Comparative Examples 1 and 2.

The bonding properties of solder may be evaluated by
zefo-cross time. The zero-cross time varies depending on the
types of metal, buﬁ it is preferable to have a shorter zero-
cross time. As it is obvious from Figure 4 (copper gilding),
Figure 5 (silver gilding) and Figure 6 (solder gilding) which
show the relationship between the preservation period and the
bonding properties éf solder (zero-cross time), the zero-cross
times of the test pieces preserved in the method of the
present invention, even if the preservation périod is long, is
the same as the zero-cross times immediatély after gilding and
the bonding properties of solder are extremely well
maintained. On the contrary, in Comparative Examples 1 and 2,
the zero-cross times of all the test pieces changed. Even in
the case of Comparative Example 1 when the test pieces weﬁe
accommodated in the bags in a hermetically sealed manner
together with the desicdant, the bonding properties of solder

deteriorates with the passage of time.

P
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using the method of the present invention will be considered
hereafter. 1In the method of the present invention, as it is
obvious in Tables 1 and 2, by accommodating a member including
metal in a hermetically sealed manner together with a rust-
proof agent packet in a gas-impermeable container, oxygen,
moisture and corrosive substances in the preservation
container are absorbed by the rust-proof agent, and reductive
substances are generated due to oxygen absorption reaction of
the main component of the rust-proof agent. Accordingly, we
may consider that, in the method of the present invention, the
preservatioﬁ of the metai member under a reductive atmosphere
where no oxygen, moisture or corrosive substances actually
exist, and where reductive gas co-exists with the metal
member, prevents the formation of an oxide layer over the
metal surface which is to be bonded by solder, and that
reducticn of the oxide enables the maintenance of good bonding -
properties of. solder. fhe reduction occurfing in thé oxide
over the metal surface is confirmed by, for example, a change
in the charge of copper oxide from copper(II) to copper(I)
over the metal copper surface of the test pieces gilded with
copper.

According to theé present invention, the oxidation of a-
metal surféce may be inhibited and good bonding properties of
solder may be maintained by accommodating a member including
metal, which is the object of solder bonding, in a gas-
impermeable container in a hermetically sealed manner together

with a rust-proof agent packet. As a result, good bonding
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properties of solder may be realized even using a postflux
containing a smail amount of halogen. Especially in the field
of electronic materials, since the use of the postflux
containing a small amount of halogen allows the amount of the
remaining halogen t§ be kept to an extremely small amount, it
is unnecessary to givé a cleaning treatment using organic
halogen-based solvents or water containing surface active

agents, the cleaning steps may be simplified, and cost

reduction may be promoted. Moreover; the present invention...- .. .

will not add to environmental pollution due to organic
halogen-based solvents and will contribute to the preservation
of the global environment.

In other woxrds, the method of the present invention
enables preservation or transportation of the member including
metal by retaining it under a reductive atmosphere where no
oxygen, moisture or corrosive substances exist and where
reductive gas co-exists with the material, by an extremely
simple method at a low cost and without loosing the bonding
properties of splder. Accoxrdingly, the use of the postflux
containing a small amount of halogen easily allows the solder

bonding.



~ -This Sheet Has Been R«

¥ |
T —
s— NN O R

What is claimed is:

1. A method of bonding a metal by solder, which method
comprises the steps of:

applying a flux containing a small amount of halogen compounds
over the portion, which is to be bonded by solder, of a member
including metal which is preserved in a gas-impermeable
container togeiher with a rust;proof agent which absorbs
substances that oxidize metalss; and

bonding by solder the portion on which the flux is applied.

2. A method according to Claim 1, wherein said rust-proof

agent is wrapped with a gas-permeable packing material.

3. A method according to Claim 1, wherein the amount of
halogen compounds contained in said flux is 0.2wt.% or less as

the amount of halogen.

4. A method according to Claim 1, wherein said metal is at
least one of copper, silver, iron, zinc, lead, tin, nickel or

gold.

5. A method accoxrding to Claim 1, wherein said member is an

electronic member used in the electronic field.

6. =~ A method according to Claim 2, wherein said rust-proof
agent is an oxygen absorbing agent which absorbs oxygen in a

dry condition.
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7. A method according to Claim 1, wherein said rust-proof

agent absorbs oxygen, moisture and corrosive substances within

the container.

8. A method according to Claim 1, wherein the oxygen content

within the container is 0.5% or less.

9. A method aécording to Claim 1, wherein said rust-proof

agent removes the substances oxidizing metals out of-the - ... ...._

container within a few hours and also removes the substances

oxidizing metals which permeate through the container.

10. A method according to Claim 1, wherein the period of time
that is necessary for the rust-proof agent to absorb oxygen
within the container until it reaches a state of no oxygen, is

adjusted to be within a range from 2 hours to 5 days.

11. A method according to Claim 1, wheréin said rust-proof

agent comprises an unsaturated fatty. acid compound as a main
component, an oxidation promoting substance, which functions
as a catalyst of the oxygen absorption reaction by the main

component, a basic substance, and an absorption substance

which absorbs moisture.

12. A method according to Claim 11, wherein said rust-proof
agent further comprises a hydrocarbon compound including

unsaturated groups as a main component.
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13. A method according to Claim 12, wherein said hydrocarbon

compound is a polymer of monomers which consist of hydrocarbon

chains.

14. A method according to Claim 11, wherein said unsaturated
fatty acid compound is at least one of unsaturated fatty acid,

ester thereof and salt thereof.

15. ‘A method according to Claim 14, wherein said salt of

unsaturated fatty acid is a transition metal salt.

16. A method according to Claim 11, wherein said oxidation

promoting substance is a transition metal salt.

17. A method according to Claim 11, wherein said basic
substance is at least one of alkali metal salt, alkaline earth

metal salt, organic acid salt and organic amines.

18. A method according to Claim 12, wherein said absorption
substance further absorbs acid substances and holds the main

component of the rust-proof agent.

19. A method according to Claim 12, wherein the content of
respective components of the rust-proof agent is 0.01 to 10
parts by weight of the oxidation promoting substance, 1 to
1000 parts by weight of the basic éubstanée, and 10 to 1000
parts by weight of the absorption substance against 100 parts

by weight of the main component.
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20. A method according to Claim 2, wherein the gas
permeability of said packing material is 1000ml/m’* atm° Day or

more of the oxygen permeation speed.

21. A method according to Claim 1, wherein said gas-
impermeable container has an oxygen permeation speed of
5ml/Day or less per volume 100ml and has a moisture permeation
speed of 5g/Day or less per volume 100ml.

22. A method according to Claim 1, wherein thé applied amount

of flux is 10 to 1000g/m’.

23. A method according to Claim 1, wherein the member
including metal is preserved under an atmosphere where

reductive gas co-exists within the container.

24. A method according to Claim 23, wherein said rust-proof

agent generates reductive gas by oxygen absorption.

25. A method according to Claim 1, wherein said rust-proof
agent absorbs substances that oxidize metal in a dry

condition.

26. A method according to Claim 1, wherein said member is a

metal material.



