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DESCRIPTION

FLUX ACTIVATOR, FLUX, AND SOLDER

CROSS-REFERENCE TO RELATED APPLICATION
[0001]

This application claims priority to Japanese Patent Application No.
2015-021528, the disclosure of which is incorporated herein by reference in its

entirety.

FIELD
[0002]
The present invention relates to a flux activator, and a flux and a solder

containing the activator.

BACKGROUND
[0003]

A solder used for joining electronic parts generally contains a solder
alloy and a flux. The flux contains a modified rosin, a resin component
composed of a synthetic resin or the like, and an activator, and further a solvent
component and other additives, as needed. As the activator, halogen
activators containing organic halogen compounds are known. For example,
Patent Literature 1 discloses a flux containing, as an activator, a halogen
compound in which halogen atoms such as bromine and chlorine are introduced
into an organic compound by covalent bonds. Further, Patent Literature 2
discloses a flux containing an iodine-containing carboxyl compound as an
activator. It is known that such a halogen compound can improve solder
wettability by removing the oxide film on the surface of the solder or preventing
reoxidation, and further reducing the surface tension of the solder.

[0004]

However, it is difficult for the flux containing such a halogen compound
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activator to exert the aforementioned effects immediately after soldering, and it
1s also difficult to maintain the effects. Therefore, it is difficult to sufficiently
improve the solder wettability in a general soldering step, which has been a

problem.

CITATION LIST

Patent Literature

[0005]

Patent Literature 1: JP 2002-120089 A
Patent Literature 2: JP 2014-188578 A

SUMMARY
Technical Problem
[0006]

The present invention has been devised in view of the problems of the
conventional arts described above, and an object thereof is to provide a flux
activator, a flux, and a solder which can improve the solder wettability
immediately after soldering and can continuously improve the solder

wettability.

Solution to Problem
[0007]

A flux activator of the present invention contains a halogen compound
represented by formula 1 below, where X! and X2 represent different halogen
atoms, R! and R2 are each a group represented by any one of formulas -OH,
-0-R3, -O-C(=0)-R4, and -O-C(=0)-NH-R5, R! and R2 optionally represent the
same group or different groups, R3, R4, and R5 are each an aromatic
hydrocarbon group having 1 to 18 carbon atoms or an aliphatic hydrocarbon
group having 1 to 18 carbon atoms, and R3, R4, and R5 optionally represent the
same group or different groups.

[0008]
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X! may be Br or I, and X2 may be Br or 1.
[0010]

A flux according to the present invention contains the flux activator.
[0011]

A solder according to the present invention contains the flux.

Advantageous Effects of Invention
[0012]
The present invention can improve the solder wettability immediately

after soldering and can continuously improve the solder wettability.

DESCRIPTION OF EMBODIMENTS
[0013]

Hereinafter, a flux activator, a flux, and a solder according to the
present invention will be described.
[0014]

First, a flux activator of this embodiment will be described. The flux
activator of this embodiment (which may be hereinafter referred to simply as

activator) contains a halogen compound represented by formula 1 below.
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2 (1)

[0016]

In the formula, X! and X2 represent halogen atoms such as Br, I, Cl, F,
and At, and are not specifically limited as long as they are halogen atoms
different from each other, but are preferably Cl, Br, or I. In particular, X! and
X2 are preferably Br or I, respectively. That is, it is preferable that, when X1 is
Br, X2 be I, and when X! is I, X2 be Br. Specifically, a halogen compound
represented by formula (2) or (3) below is preferable. However, in formula (2)
and (3) below, R! and R? are each a group represented by any one of formulas
-OH, -O-R3, -O-C(=0)-R4, and -O-C(=0)-NH-R5, and R! and R2 optionally
represent the same group or different groups. Further, R3, R4, and R5
optionally represent the same group or different groups, and are each an
aromatic hydrocarbon group having 1 to 18 carbon atoms or an aliphatic
hydrocarbon group having 1 to 18 carbon atoms. For example, R3, R4, and R5
may be each a methyl group, an ethyl group, or a propyl group, having 1 to 6
carbon atoms; a straight chain or branched chain alkyl group having 18 carbon
atoms; an alkenyl group, a cyclohexyl group, or a phenyl group, having 2 to 6
carbon atoms; or a cyclohexyl group or a phenyl group substituted with a
substituent such as a methyl group, a hydroxy group, a methoxy group, a

carboxyl group, an amino group, and a cyano group.
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(3)

[0019]

In the case where X! and X2 above are a combination of Br and I, the
wettability can be improved immediately after soldering, and the effect of
allowing the wettability to be continuously improved is further enhanced at the
same time. The reasons why the aforementioned effects are obtained when X!
and X2 above are halogen atoms different from each other may possibly be as
follows.

[0020]

The introduction of halogen atoms into the compound constituting the
activator allows the oxide film on the surface of the solder to be removed or
formation of the oxide film to be suppressed, due to the action of the halogen
atoms, and further allows the surface tension of the solder to be reduced, so
that the solder wettability can be improved. However, in the aforementioned
effects exerted by the halogen atoms, the strength of the effects that can be
exerted, the time required to exert the effects, the persistence of the effects, and
the like, are different in each halogen atom. For example, although Br
(bromine) can exert the aforementioned effects immediately after soldering,

comparatively, in the halogen atoms, it has low heat resistance. Therefore, the
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effects decrease by heating in soldering, and there are cases where the effect of
1improving the wettability cannot be exerted continuously. In order to solve
such a problem, it is conceivable to shorten the soldering time by raising the
soldering temperature or to increase the content of Br, for example. However,
when the soldering temperature is raised, thermal damage to the substrate or
electronic parts increases, and further the residual flux may be burnt.

Further, the increase of the content of Br may possibly cause a reduction in the
insulating properties of the residual flux.

[0021]

Further, although I (iodine) has high heat resistance and high
persistence of the effects, comparatively, in the halogen atoms, it requires much
time to remove the oxide film. Therefore, there may be cases where the
wettability cannot be improved, for example, in a step of soldering in a short
time.

[0022]

The activator of this embodiment can exert the effect of improving the
wettability immediately after soldering and can exert the effect continuously,
by containing a halogen compound in which different halogen atoms are
introduced.

[0023]

In the halogen compound of this embodiment, R! and R? in formulas (1)
to (3) above are each a group represented by any one of formulas -OH, -O-R3,
-0-C(=0)-R4, and -O-C(=0)-NH-R5. R! and R? optionally represent the same
group or different groups but preferably represent the same group.

[0024]

Examples of the halogen compound having R! and R2 that are both the
same group represented by -OH include a halogen compound represented by
formula (4) below.

[0025]
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[0026]

Further, in the halogen compound of this embodiment, R3, R4, and R? in
formulas (1) to (3) above are each an aromatic hydrocarbon group having 1 to
18 carbon atoms or an aliphatic hydrocarbon group having 1 to 18 carbon atoms,
as described above. Above all, R3, R4, and R5 are each preferably a phenyl
group.

[0027]

Examples of the halogen compound having R! and R2 that are both the

same group represented by -O-R3 and R3 that is a phenyl group include a

halogen compound represented by formula (5) below.

[0028]
RB
Br
O\/g/\
@]
|
R’ (5)
[0029]

R6 and R7 in formula (5) above may be each a hydrogen atom, a methyl
group, a hydroxy group, a methoxy group, a carboxyl group, an amino group, or
a cyano group, but are each preferably a hydrogen atom or a methyl group.
Further, R6 and R7 optionally represent the same group or different groups, but
preferably represent the same group.

[0030]



Examples of the halogen compound having R! and R2 that are both the
same group represented by -O-C(=0)-R* and R# that is a phenyl group include a
halogen compound represented by formula (6) below.

[0031]

5 [0032]
R8 and R? in formula (6) above may be each a hydrogen atom, a methyl
group, a hydroxy group, a methoxy group, a carboxyl group, an amino group, or
a cyano group, but are each preferably a hydrogen atom or a methyl group.
Further, R6 and R7 optionally represent the same group or different groups, but
10  preferably represent the same group.

[0033]
Examples of the halogen compound having R! and R2 that are both the

same group represented by -O-C(=0)-NH-R5 and R5 that is a phenyl group
include a halogen compound represented by formula (7) below.

15 [0034]

(7)
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[0035]

R10 and R in formula (7) above may be each a hydrogen atom, a methyl
group, a hydroxy group, a methoxy group, a carboxyl group, an amino group, or
a cyano group, but are each preferably a hydrogen atom or a methyl group.
Further, R19 and R!! optionally represent the same group or different groups,
but preferably represent the same group.

[0036]

Hereinafter, a method for producing a diphenyl ether derivative in
which R! and R? in the halogen compound represented by formula 3 above are
both represented by formula -O-R3, and R3 therein is a phenyl group (a halogen
compound represented by formula 8 below) will be exemplified using the
halogen compound represented by formula 4 above.

[0037]

Br

SN

(8)

[0038]
<<Synthesis of diphenyl ether derivative (formula 8)>>

50 g of toluene, 8.7 g of silver (I) oxide, 6.1 g of benzyl bromide, and 5.0 g
of the halogen compound represented by formula 4 above were added to a
reaction container equipped with a thermometer and a stirrer bar. Thereafter,
the reaction was performed at an internal temperature of 40°C for 24 hours.
After the disappearance of the peak of the aforementioned halogen compound
(formula 4) as a raw material was confirmed using a gas chromatograph (GC:
device name: GC-2010, manufacturer: SHIMADZU CORPORATION), 10 g of
methanol was added thereto, followed by stirring for 3 hours. Thereafter, the
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solvent was distilled off using an evaporator. After 40 g of ethyl acetate was
added thereto, followed by stirring for 2 hours, the precipitated black solid was
separated by filtration. After the solvent was again removed using an
evaporator, 50 g of IPA was added thereto, followed by stirring at an internal
temperature of 5 to 10°C overnight. The precipitated solid was separated by
filtration, followed by drying, to obtain 1.43 g of a white solid (yield: 17.7%). It
was confirmed to be the diphenyl ether derivative represented by formula 8
above, by confirming the presence of a peak derived from an ether bond at 1243
cm’! and the disappearance of a broad peak derived from an OH group detected
around 3200 to 2800 cm! using an infrared absorption spectrum (IR: device
name: Frontier GOLD spotlight 400, manufacturer: Perkin Elmer).

[0039]

Hereinafter, a method for producing a distearyl ether derivative
(halogen compound represented by formula 9 below) in which R! and R2 in the
halogen compound represented by formula 3 above are both represented by
formula -O-R3, and R3 therein is a stearyl group will be exemplified using the
halogen compound represented by formula 4 above.

[0040]

Br

Hac\év//f}“”O“‘“”/L**///\“o’/\{;”/ﬁﬁ‘CHa

8 8
l

(9)

[0041]
<<Synthesis of distearyl ether derivative (formula 9)>>

It was synthesized by the same procedures as in the reaction conditions
for the synthesis of the diphenyl ether derivative represented by formula 8
above except that 6.13 g of benzyl bromide was changed to 12.0 g of
1-bromooctadecane. Thereby, 1.68 g of a white solid (yield: 12.8%) was
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obtained. It was confirmed to be the distearyl ether derivative represented by
formula 9 above by confirming the presence of a peak derived from an ether
bond at 1231 cm'1, the presence of peaks due to C-H stretching at 2850 and
2960 cm™!, and further the disappearance of a broad peak derived from an OH
group detected around 3200 to 2800 cm'!, using an infrared absorption
spectrum (IR).

[0042]

Hereinafter, a method for producing a diphenyl ester derivative
(halogen compound represented by formula 10 below) in which R! and R2? in the
halogen compound represented by formula 3 above are both represented by
formula -O-C(=0)-R4, and R# therein is a phenyl group will be exemplified using
the halogen compound represented by formula 4 above.

[0043]

Br

O\ O\)\Y\O %‘O

(10)

[0044]
<<Synthesis of diphenyl ester derivative (formula 10)>>

50 g of toluene, 3.6 g of triethylamine, 0.21 g of 4,4-dimethylamino
pyridine (DMAP), and 5.0 g of the halogen compound represented by formula 4
above were added to a reaction container equipped with a thermometer and a
stirrer bar. A solution obtained by dissolving 4.27 g of benzoyl chloride in 10 g
of toluene was added dropwise thereto over 15 minutes. After the completion
of the dropwise addition, the reaction was performed at an internal
temperature of 40°C for 72 hours. After the disappearance of the peak of the
aforementioned halogen compound (formula 4) as a raw material was

confirmed using a gas chromatograph (GC: device name: GC-2010,
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manufacturer: SHIMADZU CORPORATION), 50 g of pure water was added
thereto. After stirring for 5 minutes, the lower layer was removed, and 50 g of
pure water was again added thereto, followed by liquid separation. The
solvent in the upper layer was distilled off using an evaporator, to obtain a
highly viscous liquid. 70 g of IPA and 1 g of toluene were added thereto,
followed by stirring, and a solid content was precipitated. It was stirred at
room temperature overnight, as it was. The precipitated solid was separated
by filtration, followed by drying, to obtain 4.51 g of a white solid (yield: 52.7%).
It was confirmed to be the diphenyl ester derivative represented by formula 10
above by confirming the presence of a peak derived from an ester bond at 1742
cm’! and the disappearance of a broad peak derived from an OH group detected
around 3200 to 2800 cm'! using an infrared absorption spectrum (IR: device
name: Frontier GOLD spotlight 400, manufacturer: Perkin Elmer).

[0045]

Hereinafter, a method for producing a distearyl ester derivative
(halogen compound represented by formula 11 below) in which R! and R2? in the
halogen compound represented by formula 3 above are both represented by
formula -O-C(=0)-R¢4, and R4 therein is a stearyl group will be exemplified
using the halogen compound represented by formula 4 above.

[0046]

Br

0
HaCWONOMCH?’ (1)

o) |

[0047]
<<Synthesis of distearyl ester derivative (formula 11)>>

It was synthesized by the same procedures as in the reaction conditions
for the synthesis of the diphenyl ester derivative represented by formula 10
above except that 4.27 g of benzoyl chloride was changed to 10.36 g of stearyl
chloride. Thereby, 9.14 g of a white solid (yield: 64.8%) was obtained. It was
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confirmed to be the stearyl ester derivative represented by formula 11 above by
confirming the presence of a peak derived from an ester bond at 1742 cm'?, the

presence of peaks due to C-H stretching at 2850 and 2960 cm'!, and further the
disappearance of a broad peak derived from an OH group detected around 3200
to 2800 cm1, using an infrared absorption spectrum (IR).

[0048]

Hereinafter, a method for producing a diphenyl urethane derivative
(halogen compound represented by formula 12) in which R! and R2 in the
halogen compound represented by formula 3 above are both represented by
-0-C(=0)-NH-R5?, and R5 therein is a phenyl group will be exemplified using the
halogen compound represented by formula 4 above.

[0049]

[0050]
<<Synthesis of diphenyl urethane derivative (formula 12)>>

50 g of cyclohexane, 10 g of toluene, 0.1 g of
1,4-diaza-bicyclo[2.2.2]octane (DABCO), 4.47 g of phenyl isocyanate, and 5.0 g
of the halogen compound represented by formula 4 above were added to a
reaction container equipped with a thermometer and a stirrer bar. Thereafter,
the reaction was performed at an internal temperature of 65°C for 24 hours.
After the disappearance of the peak of the aforementioned halogen compound
as a raw material was confirmed by GC, 20 g of methanol was added thereto,
and the reaction was performed at room temperature overnight. The

precipitated solid was separated by filtration. IPA was added to the solid
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separated by filtration, followed by stirring for 3 hours. It was again
separated by filtration, to obtain 6.27 g of a white solid (yield: 69.2%). It was
confirmed to be the diphenyl urethane derivative represented by formula 12
above by confirming the presence of a peak derived from the N-H stretching
vibration of N-1 substituted amide at 3317 cm'!, the presence of a peak derived
from an urethane bond at 1708 cm'!, the disappearance of peaks derived from
1socyanate appearing around 2275 to 2250 cm'!, and the disappearance of a
broad peak derived from an OH group detected around 3200 to 2800 cm'!, using
an infrared absorption spectrum (IR).

[0051]

Hereinafter, a method for producing a distearyl urethane derivative
(halogen compound represented by formula 13) in which R! and R2 in the
halogen compound represented by formula 3 above are both represented by
-0-C(=0)-NH-R5?, and R? therein is a stearyl group will be exemplified using the
halogen compound represented by formula 4 above.

[0052]

Br o]
HBCWNH © )L /\M
> Tr 0 NH 3CH;
0 |

(13)

[0053]
<<Synthesis of distearyl urethane derivative (formula 13)>>

It was synthesized by the same procedures as in the reaction conditions
for the synthesis of the diphenyl urethane derivative represented by formula 12
above except that 4.47 g of phenyl isocyanate was changed to 7.57 g of stearyl
1socyanate, and the amount of the halogen compound represented by formula 4
above was changed from 5.0 g to 3.0 g. Thereby, 9.14 g of a white solid (yield:
64.8%) was obtained. It was confirmed to be the distearyl urethane derivative
represented by formula 13 above by confirming the presence of a peak derived

from N-H stretching vibration of N-1 substituted amide at 3346 cm'!, the
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presence of peaks due to C-H stretching at 2849 and 2917 cm'!, the presence of
a peak derived from an urethane bond at 1688 cm™!, the presence of a peak
derived from chain N-1 substituted amide at 1528 cm™!, the disappearance of a
peak derived from isocyanate appearing around 2275 to 2250 cm'l, and the
disappearance of a broad peak derived from an OH group detected around 3200
to 2800 cm’!, using an infrared absorption spectrum (IR).

[0054]

Next, a flux containing the aforementioned activator of this
embodiment will be described.
[0055]

The application of the flux of this embodiment is not specifically limited,
and can be used, for example, as a flux or a post flux for soldering such as a
solder paste and a flux-cored solder.

[0056]

In the flux of this embodiment, one of the aforementioned activators
may be used or two or more of them may be mixed for use. The content of the
activator in the flux is not specifically limited, but is, for example, 0.1 mass %
or more and 10 mass % or less, preferably 0.3 mass % or more and 4 mass % or
less. In the case of using the flux of this embodiment as a flux for flux-cored
solders, the content of the activator is, for example, 0.3 mass % or more and 4
mass % or less, preferably 1 mass % or more and 3 mass % or less. When the
content of the activator falls within the aforementioned range, the solder
wettability is easily improved immediately after soldering, and the solder
wettability is easily continuously improved, which is therefore preferable.
[0057]

Other than the aforementioned activator of this embodiment, the flux of
this embodiment may contain a known activator component as an auxiliary
activator. As such an auxiliary activator, an organic acid or an amine halogen
salt, for example, can be used. Examples of the organic acid include glutaric
acid, adipic acid, azelaic acid, sebacic acid, stearic acid, and benzoic acid.

Further, examples of the amine of the amine halogen salt include diethylamine,
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dibutylamine, tributylamine, diphenylguanidine, and cyclohexylamine.
Examples of the corresponding halogen include fluorine, chlorine, bromine,
1odine, and astatine, where fluorine is not desirable because of its high
corrosivity, which may cause a reduction in the reliability. Further, astatine is
classified as a halogen, but it is not practical because it has a considerably short
radioactive half-life and can exist only in a reactor.

[0058]

The flux of this embodiment may contain a resin component, a solvent
component, or the like. The resin component is not specifically limited, as long
as it 1s a known resin component used as a resin component for fluxes such as a
synthetic resin and a natural resin. Examples thereof include polymerized
rosin, hydrogenated rosin, natural rosin, disproportionated rosin, and
acid-modified rosin.

[0059]

The content of the aforementioned resin component in the flux is not
specifically limited, but is, for example, 20 mass % or more and 99 mass % or
less, preferably 30 mass % or more and 99 mass % or less. In the case of using
the flux of this embodiment as a flux for flux-cored solders, the content of the
resin component is, for example, 40 mass % or more and 99 mass % or less,
preferably 60 mass % or more and 99 mass % or less.

[0060]

The solvent component is not specifically limited, as long asitis a
known component used as a solvent component for fluxes. Examples thereof
include glycol ethers such as diethylene glycol monohexyl ether (hexyl diglycol),
diethylene glycol dibutyl ether (dibutyl diglycol), diethylene glycol mono
2-ethylhexyl ether (2 ethylhexyl diglycol), and diethylene glycol monobutyl
ether (butyl diglycol); aliphatic compounds such as n-hexane, isohexane, and
n-heptane; esters such as isopropyl acetate, methyl propionate, and ethyl
propionate; ketones such as methyl ethyl ketone, methyl-n-propyl ketone, and
diethyl ketone; and alcohols such as ethanol, n-propanol, isopropanol, and

isobutanol. The solvent can be used alone, or a plurality of types can be mixed
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for use.
[0061]

The content of the aforementioned solvent component in the flux is not
specifically limited, but is, for example, 0 mass % or more and 60 mass % or less,
preferably 0 mass % or more and 40 mass % or less.

[0062]

The flux of this embodiment may further contain additives such as a
thixotropic agent, an antioxidant, a surfactant, a defoamer, and a corrosion
inhibitor.

[0063]

Further, a solder containing the flux of this embodiment will be
described. As described above, the flux of this embodiment can be used for
solder compositions such as a solder paste, solders such as flux-cored solder, or
the like.

[0064]

The solder paste as a solder composition is configured by mixing a
solder alloy powder with the aforementioned flux of this embodiment. The
solder alloy is not specifically limited, and either lead-free solder alloys or
lead-containing solder alloys can be employed, but lead-free solder alloys are
preferable in view of environmental impact. Specifically, examples of the
lead-free solder alloys include alloys containing tin, silver, copper, zinc, bismuth,
antimony, or the like, more specifically, include alloys of Sn/Ag, Sn/Ag/Cu,
Sn/Cu, Sn/Ag/Bi, Sn/Bi, Sn/Ag/Cu/Bi, Sn/Sb, Sn/Zn/Bi, Sn/Zn, Sn/Zn/Al,
Sn/Ag/Bi/In, Sn/Ag/Cu/Bi/In/Sb, In/Ag, or the like.

[0065]

In the solder paste as a solder composition, the mixing amount of the
aforementioned solder alloy powder is preferably 80 mass % or more and 95
mass % or less, and the mixing amount of the aforementioned flux is preferably
5 mass % or more and 20 mass % or less, for example.

[0066]

The flux-cored solder as a solder is constituted by a thin cylindrical
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solder alloy with its center portion filled with the flux of this embodiment.
The content of the flux in the flux-cored solder is preferably 1 mass % or more
and 5 mass % or less. The flux containing the activator of this embodiment is
particularly preferably used as a flux for flux-cored solders. When the
wettability of a flux-cored solder is reduced, failure of fillet formation and
failures such as a bridge between terminals and icicles tend to occur. Since
the flux-cored solder containing the flux of this embodiment can suppress the
reduction of the wettability immediately after soldering and can improve the
wettability continuously, it can effectively reduce the aforementioned failures
caused by the reduction of the wettability.

[0067]

As described above, the present invention can improve the solder
wettability immediately after soldering and can continuously improve the
solder wettability.

[0068]

Further, in the case where X! in formula 1 is Br or I, and X2 therein is
Br or I, the present invention can improve the solder wettability within a
particularly short time from the soldering and can improve the solder
wettability more continuously. In the present invention, the aforementioned
case means that, when X! is Br, X2 1s I, and when X! is I, X2 is Br.

[0069]

The flux activator, the flux, and the solder composition according to the
present embodiments are as described above, but it should be considered that
the embodiments disclosed herein are merely examples in all respects and they
are not restrictive. The scope of the present invention is defined by the
appended claims rather than by the above description, and is intended to
include meanings equivalent to the claims and all changes without departing

from the claims.

EXAMPLES
[0070]
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Next, Examples of the present invention will be described together with
Comparative Examples. It should be noted that the present invention is not
construed as being limited to the following examples.

[0071]
(Production of flux)

Using the following activators 1 to 6 as activators, fluxes having the
mixing ratios shown in Table 1 were produced. The raw materials were put
into a heating container, followed by heating to 180°C, and it was confirmed
that all the raw materials were dissolved and dispersed. Thereafter, it was
cooled to room temperature, to obtain a uniform flux. Here, "KR-612"
manufactured by ARAKAWA CHEMICAL INDUSTRIES, LTD. was used as a
hydrogenated rosin, "PINECRYSTAL KE-604" manufactured by ARAKAWA
CHEMICAL INDUSTRIES, LTD. was used as an acid-modified rosin, and
adipic acid was used as an organic acid.

[0072]
Table 1

Ex.1 | Ex.2 | Ex.3 | Ex. 4 | Ex.5 | Ex.6 | Ex.7 | C.Ex.1| C. Ex. 2
33 33 33 33 33 33 33 33 33

Hydrogenated
rosin
ﬁfslﬁlm"dlﬁed 635 | 635 | 635 | 635 | 635 | 635 | 635 | 635 63.5
Organic acid 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5
Activator 1
(Formula (4))
Activator 2
(Formula (8))
Activator 3
(Formula (9))
Activator 4
(Formula (10))
Activator 5
(Formula (11))
Activator 6
(Formula (12))
Activator 7
(Formula (13))
Activator 8
(Formula (14))
Activator 9 9
(Formula (15))

Total 100 100 100 100 100 100 100 100 100

Unit: mass%
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[0073]

Activator 1: Halogen compound represented by formula 4 above

Activator 2: Diphenyl ether derivative represented by formula 8 above
Activator 3: Distearyl ether derivative represented by formula 9 above
Activator 4: Diphenyl ester derivative represented by formula 10 above
Activator 5: Distearyl ester derivative represented by formula 11 above
Activator 6: Diphenyl urethane derivative represented by formula 12 above
Activator 7: Distearyl urethane derivative represented by formula 13 above
Activator 8: Halogen compound represented by formula 14 below

Activator 9: Halogen compound represented by formula 15 below

[0074]

Br
HO
A
jr/\OH
(14)
[0075]
|
HO
A
Y\OH
(15)

[0076]
(Method for testing wettability)

The wettability of each flux was evaluated by the following method. A
thread solder (solder alloy: SAC305 (96.5 mass% of Sn, 3.0 mass% of Ag, and
0.5 mass% of Cu) with a length of about 7 mm and a diameter of 1.0 mm)
formed into a 2.0-mm diameter ring was placed on a degreased and cleaned
copper plate (3 mm x 3 mm x 0.5 mm-thick), and a piece (about 10 mg) of each
flux was put on the ring-shaped thread solder, to produce a test piece. Each
test piece was placed on a solder bath heated to 300°C, to melt the thread solder.

After a lapse of 5 seconds from the melting, the test piece was detached from
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the solder bath. The flux of the test piece was washed with isopropyl alcohol,
and the height of the solder was measured using a micrometer (manufactured
by MITUTOYO CORPORATION). The spreading ratio was determined from
the height of the solder by the following calculation formula.

[0077]

Spreading ratio (%) = 100 x (D-H)/D

H: Height of solder = (Substrate thickness after test) - (Substrate thickness
before test)

D: Diameter (mm) when regarding solder used for test as sphere = 2.2 (mm)
[0078]

Further, the solder of each test piece was observed by visual inspection,
and the state of the solder was evaluated. The case where no dewetting was
observed was evaluated as o, and the case where dewetting was observed was
evaluated as X. Table 2 shows the results.

[0079]
Table 2

Ex.1 | Ex.2 | Ex.3 | Ex.4 | Ex.5 | Ex.6 | Ex.7 | C.Ex. 1| C. Ex. 2

Spreading ratio 81.2% | 78.4% | 78.6% | 79.9% | 77.0% | 77.8% | 78.1% | 73.4% 76.1%

Solder state
(dewetting)

[0080]

As shown in Table 2, it was obvious that Examples 1 to 7 had high
spreading ratio and less dewetting, that is, high wettability, as compared with
Comparative Examples 1 and 2. In Examples 2 to 7, the spreading ratio was
slightly low, as compared with Example 1. This is probably because the
activator in which a substituent having high molecular weight was introduced
was used, and thus the halogen content ratio was reduced.

[0081]
(Method for testing soldering)
Next, using the fluxes using the aforementioned activators 1 to 7

(Examples 1 to 7 and Comparative Examples 1 and 2), flux-cored solders
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(Examples 8 to 14 and Comparative Examples 3 and 4) were produced and were
subjected to a soldering test. Each flux-cored solder was produced with the
content of the flux adjusted to 3.2% and the wire diameter thereof adjusted to
0.5 mm.
[0082]

Using the flux-cored solder, slide soldering was performed. Using an
FR-4 substrate with a thickness of 1.6 mm, 20 through holes with a diameter of
1.0 mm were formed in series. The leads composed of L-angle pins (20 pins,
plated with Ni/Au) were inserted into the through holes. Using a soldering
robot (UNIX-412R, manufactured by Japan Unix Co., Ltd.), an iron tip (split
shape, P1V10-23) set at 350°C was slid on the pins in series (at a speed of 6
mm/second and 10 mm/second), and the aforementioned flux-cored solder was
fed to the iron tip at the same time. The flux-cored solder was heated and
melted by the iron tip, and the wetting spreads due to the flux, to form a solder
joint between a lead and a land of the substrate. Evaluation was performed as
follows.
[0083]
<<Observation of fillet>>

The state where the land of the substrate was wetted by the solder, to
form a solder joint in the periphery of the lead of the pin part like the foot of a
mountain was referred to as the state where a fillet was formed. Each
substrate was observed by visual inspection. The case where every pad of the
substrate was wetted by the solder to provide a good state was evaluated as A,
the case where a cold solder joint occurred was evaluated as B, and the case
where dewetting of the solder partially occurred on the pad of the substrate
thereby forming non-uniform fillet shape was evaluated as C. The state with
a cold solder joint occurring means the state where, although the land was
wetted by the solder, the shape was not like the foot of a mountain and was like
a ball.
[0084]

<<Observation of bridge>>
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A bridge is a failure phenomenon in which the oxide film on the surface
of the solder was not sufficiently removed, resulting in a decrease in fluidity, so
that the solder becomes continuous with an adjacent pin. Each substrate was
observed by visual inspection. The case where no bridge was present with
high slide speed (10 mm/second) was evaluated as A, the case where a bridge
was present with high slide speed (10 mm/second) though no bridge was
present with normal slide speed (6 mm/second) was evaluated as B, and the
case where a bridge was present with normal slide speed (6 mm/second) was

evaluated as C. Table 3 shows the results.

[0085]
Table 3
Ex.8 | Ex.9 | Ex. 10 | Ex. 11 | Ex. 12 | Ex. 13 | Ex. 14 | C. Ex. 3 | C. Ex. 4
Observation of fillet A A A A A B B C B
Observation of bridge A B B B B B B C C

[0086]

Examples were good in both fillet formation and bridge occurrence, as
compared to Comparative Examples. In particular, Example 8 was evaluated
as A in both fillet formation and bridge occurrence, and it was obvious that the

soldering could be performed very well.
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CLAIMS

1. Aflux activator comprising a halogen compound represented by

formula 1 below:

2 (1)

5 where X! and X2 represent different halogen atoms, R! and R2 are each
a group represented by any one of formulas -OH, -O-R3, -O-C(=0)-R¢4, and
-0-C(=0)-NH-R5?, R! and R? optionally represent the same group or different
groups, R3, R4, and R5 are each an aromatic hydrocarbon group having 1 to 18
carbon atoms or an aliphatic hydrocarbon group having 1 to 18 carbon atoms,

10 and R3, R4, and R5 optionally represent the same group or different groups.

2. The flux activator according to claim 1, wherein
X1is Bror I, and
X21is Bror I.

15

3. A flux comprising the flux activator according to claim 1 or 2.

4. A solder comprising the flux according to claim 3.



