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(54) FLUX, SOLDER PASTE, AND METHOD FOR PRODUCING ELECTRONIC CIRCUIT BOARD

(57) A flux includes: at least one liquid solvent that
has one or more hydroxy groups and is liquid at ordinary
temperature; and at least two solid solvents that respec-
tively have one or more hydroxy groups and are solid at

normal temperature, in which the content of each of the
solid solvents is less than 40 mass % based on the total
content of the liquid solvent and the solid solvents.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Japanese Patent Application No. 2017-163558, the disclosure of which is
incorporated herein by reference in its entirety.

FIELD

[0002] The present invention relates to a flux used for soldering, a solder paste including the flux, and a method for
producing an electronic circuit board using the flux.

BACKGROUND

[0003] Solder paste in which solder alloy powder and flux are mixed together, for example, is used to join electronic
parts to an electronic circuit board such as a printed wiring board. As the flux, a resin-based flux including a natural resin
such as rosin, a thixotropic agent, a solvent, an activator or the like is widely used.
[0004] In recent years, reported as a solvent has been a flux in which a solid solvent and a highly viscous solvent are
used in combination with a commonly used liquid solvent (for example, Patent Literature 1). The flux can improve its
viscosity by dissolving a solid solvent in a liquid solvent instead of including rosin. As a result, a solder paste having
excellent printability can be obtained using the flux.

CITATION LIST

Patent Literature

[0005] Patent Literature 1: JP 2004-25305 A

SUMMARY

Technical Problem

[0006] In the aforementioned flux, when the content of the solid solvent dissolved in the liquid solvent increases, the
solid solvent is crystallized and precipitated during storage under refrigeration. Therefore, there is a problem that use
of the solder paste including such a flux causes a missing portion at the time of printing.
[0007] The present invention has been conceived to solve such a problem, and it is an object of the present invention
to provide a flux having high viscosity and capable of suppressing crystallization, a solder paste, and a method for
producing an electronic circuit board.

Solution to Problem

[0008] A flux according to the present invention includes: at least one liquid solvent that has one or more hydroxy
groups and is liquid at normal temperature; and at least two solid solvents that respectively have one or more hydroxy
groups and are solid at normal temperature, in which the content of each of the solid solvents is less than 40 mass %
based on the total content of the liquid solvent and the solid solvents.
[0009] In the flux according to the present invention, it is preferable that the contents Xi and Xj of any two of the solid
solvents i and j among the solid solvents based on the total content of the liquid solvent and the solid solvents satisfy
formula (1) below: 

[0010] In the flux according to the present invention, it is preferable that the liquid solvent be at least one selected
from 2-ethyl-1,3-hexanediol, α-terpineol, and isooctadecanol.
[0011] In the flux according to the present invention, it is preferable that the solid solvents be at least two selected
from trimethylolpropane, 2,2-dimethyl-1,3-propanediol, 2,5-dimethyl-2,5-hexanediol, and 2-butyl-2-ethyl-1,3-propanedi-
ol.
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[0012] In the flux according to the present invention, it is preferable that the total content of the solid solvents be 30
mass % or more and less than 80 mass % based on the total content of the liquid solvent and the solid solvents.
[0013] A solder paste according to the present invention includes the flux according to the present invention and solder
alloy powder.
[0014] In the solder paste according to the present invention, it is preferable that the flux further include a fatty acid
amide as a thixotropic agent.
[0015] In the solder paste according to the present invention, it is preferable that the fatty acid amide be at least one
selected from stearic acid amide, lauric acid amide, palmitic acid amide, oleic acid amide, erucic acid amide, behenic
acid amide, and hydroxystearic acid amide.
[0016] In the solder paste according to the present invention, it is preferable that the fatty acid amide be at least one
selected from stearic acid amide and lauric acid amide.
[0017] In a method for producing an electric circuit board according to the present invention, soldering is performed
using the flux according to the present invention.

DESCRIPTION OF EMBODIMENTS

[0018] Hereinafter, a flux, a solder paste, and a method for producing an electronic circuit board according to an
embodiment of the present invention will be described.

<Flux>

[0019] The flux according to this embodiment is a flux for soldering including: at least one liquid solvent that has one
or more hydroxy groups and is liquid at normal temperature; and at least two solid solvents that respectively have one
or more hydroxy groups and are solid at normal temperature, in which the content of each of the solid solvents is less
than 40 mass % based on the total content of the liquid solvent and the solid solvents.
[0020] The liquid solvent has one or more hydroxy groups (OH groups) and is liquid at normal temperature (20 to 30
°C). Examples of such a liquid solvent include 2-ethyl-1,3-hexanediol, 2-methylpentane-2,4-diol, α-terpineol, isooctade-
canol, and tetraethylene glycol. Among these, at least one selected from 2-ethyl-1,3-hexanediol, α-terpineol, and iso-
octadecanol is preferable in terms of suppressing crystallization of the solid solvents. These may be individually used,
or two or more of them may be used in combination.
[0021] The content of the liquid solvent is preferably 10 to 90 mass % based on the entire flux in terms of suppressing
separation between flux and solder powder. In the case where two or more liquid solvents are included, the content
means the total content of the two or more liquid solvents.
[0022] Each of the solid solvents has one or more hydroxy groups (OH groups) and is solid at normal temperature
(20 to 30 °C). Examples of such a solid solvent include trimethylolpropane, 2,2-dimethyl-1,3-propanediol, 2,5-dimethyl-
2,5-hexanediol, 2-butyl-2-ethyl-1,3-propanediol, and 2,2,4-trimethyl-1,3-pentanediol. Among these, at least two selected
from trimethylolpropane, 2,2-dimethyl-1,3-propanediol, 2,5-dimethyl-2,5-hexanediol, and 2-butyl-2-ethyl-1,3-propanedi-
ol are preferable in terms of suppressing crystallization of the solid solvents. Three or more of these may be used in
combination.
[0023] The content of each of the at least two solid solvents is preferably less than 40 mass % and 2 mass % or more
based on the total content of the liquid solvent and the solid solvents. The content of each of the solid solvents is
preferably 10 mass % or more and 90 mass % or less based on the total content of the liquid solvent and the solid solvents.
[0024] In terms of suppressing crystallization of the solid solvents, it is preferable that contents Xi (mass %) and Xj
(mass %) of any two solid solvents i and j among the solid solvents based on the total content of the liquid solvent and
the solid solvents satisfy formula (1) below. This means that the formula (1) below is satisfied regardless of which of the
solid solvents is served as i or j of the any two solid solvents. In the case where three or more solid solvents are included,
it means that the formula (1) below is satisfied regardless of which solid solvents are selected as the any two solid
solvents among the solid solvents.

[0025] In terms of suppressing crystallization of the solid solvents, the total content of the solid solvents is preferably
30 mass % or more and less than 80 mass %, more preferably 45 mass % or more, further preferably 65 mass % or
less based on the total content of the liquid solvent and the solid solvents. The total content of the solid solvents is
preferably 35 to 60 mass % based on the entire flux, in terms of facilitating gelation with a thixotropic agent, which will
be described later.
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[0026] In the flux according to this embodiment, the at least two solid solvents are dissolved in the liquid solvent to be
able to improve their solubility. Therefore, crystallization of the solid solvents can be suppressed by setting the content
of each of the solid solvents to less than 40 mass % based on the total content of the liquid solvent and the solid solvents.
In addition, the use of the at least two solid solvents broadens the range of solid solvents available for choice and
facilitates designing a flux having high viscosity.
[0027] In the flux according to this embodiment, it is preferable that the contents Xi and Xj of any two of the solid
solvents i and j among the solid solvents based on the total contents of the liquid solvent and the solid solvents satisfy
the formula (1) above. Such a configuration allows crystallization of the solid solvents to be more suppressed.
[0028] In the flux according to this embodiment, the liquid solvent is preferably at least one selected from 2-ethyl-1,3-
hexanediol, α-terpineol, and isooctadecanol. Such a configuration allows the solubility of the solid solvents to be improved,
and consequently allows crystallization of the solid solvents to be more suppressed.
[0029] In the flux according to this embodiment, the solid solvents are preferably at least two selected from trimethy-
lolpropane, 2,2-dimethyl-1,3-propanediol, 2,5-dimethyl-2,5-hexanediol, and 2-butyl-2-ethyl-1,3-propanediol. Such a con-
figuration allows the solubility of the solid solvents to be improved, and consequently allows crystallization of the solid
solvents to be more suppressed.
[0030] In the flux according to this embodiment, the total content of the solid solvents is preferably 30 mass % or more
and less than 80 mass % based on the total content of the liquid solvent and the solid solvents. Such a configuration
allows crystallization of the solid solvents to be more suppressed.
[0031] The flux according to this embodiment may include, for example, an activator, a thixotropic agent, an antioxidant,
a surfactant, a defoamer, and a corrosion inhibitor, as other additives.
[0032] Examples of the activator include an organic acid-based activator, an amine compound-based activator, and
a halogen compound-based activator. Among these, an organic acid-based activator is preferable in terms of reducing
the environmental load.
[0033] The organic acid-based activator is not particularly limited, and examples thereof include: a monocarboxylic
acid such as formic acid, acetic acid, propionic acid, butyric acid, valeric acid, caproic acid, enanthic acid, capric acid,
lauric acid, myristic acid, pentadecyl acid, palmitic acid, margaric acid, stearic acid, tuberculostearic acid, arachidic acid,
behenic acid, lignoceric acid, and glycolic acid; a dicarboxylic acid such as oxalic acid, malonic acid, succinic acid,
glutaric acid, adipic acid, pimeric acid, suberic acid, azelaic acid, sebacic acid, fumaric acid, maleic acid, tartaric acid,
and diglycolic acid; and other organic acids such as dimer acid, levulinic acid, lactic acid, acrylic acid, benzoic acid,
salicylic acid, anisic acid, citric acid, and picolinic acid. These may be individually used, or two or more of them may be
used in combination.
[0034] The content of the organic acid-based activator is not particularly limited, but, for example, is preferably 0.1
mass % or more, more preferably 0.3 mass % or more based on the entire flux. The content is preferably 10 mass %
or less, more preferably 7 mass % or less. In the case where two or more organic acid-based activators are included,
the content means the total content of the organic acid-based activators.
[0035] The thixotropic agent is not particularly limited, and examples thereof include a fatty acid amide, castor oil, and
hydrogenated castor oil. Among these, a fatty acid amide is preferable. Examples of the fatty acid amide include stearic
acid amide, lauric acid amide, palmitic acid amide, oleic acid amide, erucic acid amide, behenic acid amide, hydroxystearic
acid amide, and myristic acid amide. These may be individually used, or two or more of them may be used in combination.
[0036] The content of the thixotropic agent is preferably 1 mass % or more, more preferably 2 mass % or more, still
more preferably 3 mass % or more based on the entire flux, in order to obtain good thixotropy. The content of the
thixotropic agent is preferably 20 mass % or less, more preferably 15 mass % or less, and still more preferably 10 mass
% or less based on the entire flux, in order to reduce flux residues. In the case where two or more thixotropic agents
are included, the content means the total content of the thixotropic agents.
[0037] It is preferable that the flux according to this embodiment do not include a highly viscous solvent as a solvent.
The highly viscous solvent herein has a viscosity of 10,000 cps or more at 30 °C and is liquid at normal temperature.
Examples of such a highly viscous solvent include isobornylcyclohexanol. The flux according to this embodiment, which
has sufficient viscosity, is not necessarily required to include a highly viscous solvent as a solvent. The highly viscous
solvent has a high boiling point and is hardly volatilized during preheating at the time of soldering. Since the flux does
not include a highly viscous solvent, the flux is suppressed from sagging, and solder balls and solder bridges are hardly
generated.

<Solder paste>

[0038] The solder paste according to this embodiment includes the flux according to this embodiment and solder alloy
powder.
[0039] In the solder paste, the flux preferably includes a fatty acid amide as a thixotropic agent in addition to the
aforementioned liquid solvent and solid solvents. The fatty acid amide is preferably at least one selected from stearic
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acid amide, lauric acid amide, palmitic acid amide, oleic acid amide, erucic acid amide, behenic acid amide, and hy-
droxystearic acid amide, more preferably at least one selected from stearic acid amide and lauric acid amide.
[0040] A solder alloy in the solder alloy powder is not particularly limited, and examples thereof include a lead-free
solder alloy and a lead solder alloy. In terms of reducing the environmental load, a lead-free solder alloy is preferable.
Examples of the lead-free solder alloy include an alloy including tin, silver, copper, indium, zinc, bismuth, antimony, or
the like. More specifically, the examples include alloys of Sn/Ag, Sn/Ag/Cu, Sn/Cu, Sn/Ag/Bi, Sn/Bi, Sn/Ag/Cu/Bi, Sn/Sb,
Sn/Ag/Sb, Sn/Sb/Cu, Sn/Zn/Bi, Sn/Zn, Sn/Zn/Al, Sn/Ag/Bi/In, Sn/Ag/Cu/Bi/In/Sb, and In/Ag.
[0041] The content of the flux is preferably 5 to 20 mass % based on the entire solder paste. The content of the solder
alloy powder is preferably 80 to 95 mass % based on the entire solder paste.
[0042] The solder paste according to this embodiment includes the flux according to this embodiment, and is thus
excellent in printability.
[0043] In the solder paste according to this embodiment, it is preferable that the flux further include a fatty acid amide
as a thixotropic agent. Such a configuration allows the flux to be more viscous. Thus, the solder paste is more excellent
in printability.
[0044] In the solder paste according to this embodiment, the fatty acid amide is preferably at least one selected from
stearic acid amide, lauric acid amide, palmitic acid amide, oleic acid amide, erucic acid amide, behenic acid amide, and
hydroxystearic acid amide. Such a configuration allows the flux to be more viscous. Thus, the solder paste is more
excellent in printability.
[0045] In the solder paste according to this embodiment, the fatty acid amide is preferably at least one selected from
stearic acid amide and lauric acid amide. Such a configuration allows the flux to be more viscous. Thus, the solder paste
is more excellent in printability.
[0046] The flux according to this embodiment may be used for the solder paste as aforementioned, or may be filled
inside the solder alloy formed in a linear shape to form a resin flux-cored solder for use. Further, the flux may be used
for soldering by a flow soldering method, or may be used as a tack flux for temporarily fixing parts.

<METHOD FOR PRODUCING ELECTRIC CIRCUIT BOARD>

[0047] In the method for producing an electric circuit board according to this embodiment, soldering is performed using
the flux according to the present invention. More specifically, the flux according to this embodiment is first printed on a
conductor portion of the surface of the electronic circuit board to form a solder printed pattern, and electronic parts to
be mounted on the solder printed pattern are placed thereon. Next, the electronic circuit board on which the electronic
parts are placed is preheated at 150 °C to 200 °C in an air atmosphere, followed by main heating. In the main heating,
soldering is performed by increasing the temperature above the melting point of the solder. Finally, the board is cooled
naturally or using a cooling device such as a cooler to mount the electronic parts, thereby producing the electronic circuit
board. The soldering may be performed in an inert atmosphere such as under nitrogen gas or in a reducing atmosphere
such as under hydrogen and formic acid gas, in addition to in the air atmosphere.
[0048] In the method for producing an electric circuit board according to this embodiment, the electric circuit board
can be suitably produced without causing a missing portion at the time of printing.

EXAMPLES

[0049] Hereinafter, examples of the present invention will be described. However, the present invention is not limited
to the following examples.

[Flux]

<Production of flux>

[0050] Raw materials in mixing amounts shown in Tables 1 and 2 were put into a heating container and heated to 120
°C to melt all the raw materials. Thereafter, they were cooled to room temperature to obtain uniformly dispersed fluxes
of Examples 1 to 21 and Comparative Examples 1 to 22. Each mixing amount shown in Tables 1 and 2 is equal to the
content of each component included in a flux.
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[0051] Details of each of the raw materials shown in Tables 1 and 2 are shown below.

(Liquid solvent)

[0052] 2-ethyl-1,3-hexanediol: manufactured by KH Neochem Co., Ltd. α-terpineol: manufactured by Nippon Terpene
Chemicals Inc. Isooctadecanol: manufactured by Nissan Chemical Corporation
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(Solid solvent)

[0053]

2,2-dimethyl-1,3-propanediol: manufactured by MITSUBISHI GAS CHEMICAL COMPANY, INC.
2,5-dimethyl-2,5-hexanediol: manufactured by Tokyo Chemical Industry Co., Ltd.
2-butyl-2-ethyl-1,3-propanediol: manufactured by Tokyo Chemical Industry Co., Ltd.
Trimethylolpropane: manufactured by MITSUBISHI GAS CHEMICAL COMPANY, INC.

<Crystallization evaluation>

[0054] Each of the fluxes of Examples 1 to 21 and Comparative Examples 1 to 22 was stored at normal temperature
and under refrigeration, to evaluate crystallization based on the following criteria. The storage at normal temperature
was carried out at 20 to 30 °C for 72 hours, and the storage under refrigeration was carried out at 0 to 10 °C for 72 hours.
The results are shown in Table 1.

s: Crystallization does not occur during storage at normal temperature or during storage under refrigeration.
Δ: Crystallization does not occur during storage at normal temperature, but occurs during storage under refrigeration.
3: Crystallization occurs both during storage at normal temperature and during storage under refrigeration.

[0055] As shown in Tables 1 and 2, crystallization did not occur during storage under refrigeration in the fluxes of
Examples 1 to 21 that satisfy all the composition requirements of the present invention. Further, crystallization did not
occur during storage at normal temperature or storage under refrigeration in the fluxes of Examples 1, 2, 4 to 12, and
14 to 21.

[Solder paste]

<Production of flux>

[0056] Raw materials in mixing amounts shown in Table 3 were put into a heating container and heated to 120 °C to
melt all the raw materials. Thereafter, they were cooled to room temperature to obtain uniformly dispersed fluxes of
Examples 22 and 23 and Comparative Examples 23 and 24. Each mixing amount shown in Table 3 is equal to the
content of each component included in a flux.

[0057] Details of each of the raw materials shown in Table 3 are shown below.

(Liquid solvent)

[0058]

2-ethyl-1,3-hexanediol: manufactured by KH Neochem Co., Ltd.
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Isooctadecanol: manufactured by Nissan Chemical Corporation

(Solid solvent)

[0059]

2,2-dimethyl-1,3-propanediol: manufactured by MITSUBISHI GAS CHEMICAL COMPANY, INC.
2,5-dimethyl-2,5-hexanediol manufactured by Tokyo Chemical Industry Co., Ltd.

(Thixotropic agent)

[0060]

Stearic acid amide: manufactured by Kao Corporation
Lauric acid amide: manufactured by Nihon Kasei CO., LTD.

<Production of solder paste>

[0061] Next, solder pastes were produced using the respective fluxes of Examples 22 and 23 and Comparative Ex-
amples 23 and 24. Specifically, each solder paste was produced by mixing 9 mass % of each flux and 91 mass % of
solder alloy powder based on the entire solder paste. As the solder alloy powder, Sn-3.0Ag-0.5Cu (particle size: 20 mm
to 45mm, manufactured by KOKI Company Ltd.) was used.

<Printing test>

[0062] Each of the obtained solder paste was printed using a solder paste printing machine (YVP-Xg manufactured
by Yamaha Corporation). The solder paste was applied to a stencil mask having a dimension of 30 mm 3 30 mm and
a thickness of 300 mm with openings formed therein, and was printed using a metal squeegee at 60 degrees. The printing
speed was 20 mm/s, and the squeegee pressure was 55 N. A copper clad laminate was arranged on the back of the
stencil mask so that the solder paste was transferred thereon corresponding to the pattern of the openings. The evaluation
of the printing test was performed based on the following criteria. The results are shown in Table 3.

s: The printed shapes are the same as those of the openings of the stencil mask.
3: The printed shapes are smaller than those of the openings of the stencil mask, and part or all of them have a
missing portion.

<Tackiness test>

[0063] The tackiness test was carried out according to JIS Z 3284 (device: solder paste tackiness tester TK-15,
manufactured by Malcom Co., Ltd.). First, solder paste was printed on an alumina plate with a diameter of 6.5 mm and
a thickness of 0.2 mm. Next, a stainless steel probe (with a diameter of 5.10 to 5.23 mm) was lowered onto the afore-
mentioned printed pattern at a speed of 2.0 mm/s to apply pressure with a constant pressing force of 0.05 6 0.005 N,
and pulled up at 10 mm/s within 0.2 seconds after the pressing. The maximum force required for pulling it away therefrom
was recorded and evaluated based on the following criteria. The results are shown in Table 3. The test was carried out
within 30 minutes after the printing.

s The average of the measured values at N = 5 was 70 gf or more.
3: The average of the measured values at N = 5 was less than 70 gf, or no measured value could be detected.

[0064] As shown in Table 3, it was found that the solder pastes of Examples 22 and 23 that satisfy all the composition
requirements of the present invention had high viscosity and excellent printability.

Claims

1. A flux comprising: at least one liquid solvent that has one or more hydroxy groups and is liquid at ordinary temperature;
and at least two solid solvents that respectively have one or more hydroxy groups and are solid at normal temperature,
wherein
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the content of each of the solid solvents is less than 40 mass % based on the total content of the liquid solvent and
the solid solvents.

2. The flux according to claim 1, wherein the contents Xi and Xj of any two of the solid solvents i and j among the solid
solvents based on the total content of the liquid solvent and the solid solvents satisfy formula (1) below: 

3. The flux according to claim 1 or 2, wherein the liquid solvent is at least one selected from 2-ethyl-1,3-hexanediol,
α-terpineol, and isooctadecanol.

4. The flux according to any one of claims 1 to 3, wherein the solid solvents are at least two selected from trimethyl-
olpropane, 2,2-dimethyl-1,3-propanediol, 2,5-dimethyl-2,5-hexanediol, and 2-butyl-2-ethyl-1,3-propanediol.

5. The flux according to any one of claims 1 to 4, wherein the total content of the solid solvents is 30 mass % or more
and less than 80 mass % based on the total content of the liquid solvent and the solid solvents.

6. A solder paste comprising: the flux according to any one of claims 1 to 5; and solder alloy powder.

7. The solder paste according to claim 6, wherein the flux further comprises a fatty acid amide as a thixotropic agent.

8. The solder paste according to claim 7, wherein the fatty acid amide is at least one selected from stearic acid amide,
lauric acid amide, palmitic acid amide, oleic acid amide, erucic acid amide, behenic acid amide, and hydroxystearic
acid amide.

9. The solder paste according to claim 7, wherein the fatty acid amide is at least one selected from stearic acid amide
and lauric acid amide.

10. A method for producing an electric circuit board, comprising soldering using the flux according to any one of claims
1 to 5.
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