Description WATER- SOLUBLE PREFLUX AND USAGE OF THE SAME Technical Field

[ 0001] The present invention relates to a water-soluble preflux for use in
sol dering the surface of a netal conductive part constituting the circuit
part of a printed wiring board for electronic parts and the |ike.
Background Art [0002] In recent years, surface nmount technol ogy with

i ncreased density has been w dely adopted. Such surface nount technol ogy
are classified into double-sided padacetimunt technology in which'chip
type parts are joined with use of soldér paste, and hybrid nount technol ogy
which is a conbination of surface nount technology of chip type parts
usi ng sol der paste and through-hole nmount technology of discrete parts. In

ei t her nmount proc a inte ol Rﬁ?r i S, subj eg%% two or nore
sol dering steps, @%ﬁEﬁﬁéggﬁﬁaﬁgqﬁﬁkﬁéﬁgli Iﬁ%ﬁéhtégkéﬁgt Eresulting in a
severe thermal history. As a result, oxide filmformation is accel erated by
1 heating the netal surface of copper, a copper alloy, or silver of a netal
conductive part constituting the <circuit part of a printed wiring board,
and t hus Teehmsiogdfladsiefdt he conductive part cannot maintain good
solderability.

[0001]

The present invention relates to a water-soluble
preflux for use in soldering the surface of a metal
conductive part constituting the circuit part of a

printed wiring board for electronic parts and the like.

Background Art
[0002]

In recent years, surface mount technology with
increased density has been widely adopted. Such surface
mount technology are classified into double-sided surface
mount technology in which chip type parts are joined with
use of solder paste, and hybrid mount technology which is
a combination of surface mount technology of chip type
parts using solder paste and through-hole mount
technology of discrete parts. In either mount process, a
printed wiring board is subjected to two or more
soldering steps, and thus it is exposed to high
temperature resulting in a severe thermal history.

As a result, oxide film formation is accelerated by



[0003] In order to protect the netal conductive part of the printed wiring
board fromair oxidation, a treatnent of formng a chemcal |ayer on the
surface of the conductive part is widely performed using a surface
treating agent. It is necessary, however, that good solderability be

mai nt ai ned by preventing the chemcal |ayer fromdegenerating (i.e., being
degraded) to protect the netal conductive part even after the netal

conduct i veheRBE hghaseamet@nmahu dfadeoryr ddogpt | Ph ecoyst£Sa118994brSi nce an
i m dazol e conpound has an excellent film form ng property, as such surface

treating a ter-x lau | I by o) i m dazol e
conpounds gﬁgﬁérbégngpPg%%éég#ﬁfgﬁﬁé§§ﬁ§%gﬁpB%?gﬁ%fﬁ%%ﬁﬁ%n?gel to 4

di scl ose 2-al kyl.i m dazol e conpaunds, such. as .2 undecyl iinm dazo

o eyt i RSB B ORBRInGE SueH LS ST dido  dhdnHAas tRe

2- phenyl - 4- et hyl i m _dazol e, 2- al kyl benzi m dazol e conpounds such as

2- nonyl bensPAEa&E20PE, thenFORMCHIIRA RALS QT " UApdLAdEC8dch as 2- (4 2
chl or ophenyl net hyl ) benzi m dazole. [0005] Incidentally, since an imdazole
compound i 8olgeneballifEyhardly soluble in water, it is necessary to dissolve
it in water using as a solubilizing agent an organic acid or an inorganic
acid which[D0OB8 its water- soluble salt.

In order to protect the metal conductive part of
the printed wiring board from air oxidation, a treatment
of forming a chemical layer on the surface of the
conductive part is widely performed using a surface
treating agent. It is necessary, however, that good
solderability be maintained by preventing the chemical
“layer from degenerating (i.e., being degraded) to protect
the metal conductive part even after the metal conductive
part has a thermal history of multiple cycles.

[0004]

Since an imidazole compound has an excellent film-
forming property, as such surface treating agents, water-
soluble prefluxes containing various imidazole compounds
have been proposed. For example, Patent Documents 1 to 4
disclose 2-alkylimidazole compounds such as 2-
undecylimidazole, 2-arylimidazole compounds such as 2-
phenylimidazole and 2-phenyl-4-methylimidazole, 2-
alkylbenzimidazole compounds such as 2-nonylbenzimidazole,

and 2-aralkylbenzimidazole compounds such as 2-(4-



In recent years, there has been widely used, as a solubilizing agent,
formc acid or acetic acid which has both of an excellent perfornmance to
di ssolve an i m dazole conpound in water and an excellent performance to
bring out a filmformng property of the im dazol e conpound. However,
since these acid conpounds are highly volatile and have irritating odor,
there arise problens that the i m dazole conpound nay precipitate owng to

decr ease id¢hl&edbshenntREthl) BaBnizAmMA ds@icdle-.Ssol ubl e preflux and the acid
conpounds may invite deterioration of working environnent. [0006] Tin-I|ead
al l oy eutegghgspol ders have been widely wused in the aforenmentioned
soldering. In recent years, however, concerns have devel oped that the | ead

contained in th%ﬁ%§é§§%§ﬂi§yssg§¥grgg{Xﬂgggggﬁﬁgggﬁﬁygggpﬂydy, and t hus

t he use of |ead-free ersis Sire cor Iy, “various | ead-free
sol ders are bein | ead-free sol ders have been

3,1 nvesti gat g. For exanpl e,

pr oposed i?@?ﬁﬁ%ﬂlﬁ ﬁﬁfgﬁysﬁgﬁug esﬂpv¥'§ i'nc.t BISMAFESSIRYi b anti nony,
or copper is added to a base netal of tin and a part thereof is put into
practical @58S0}V00¥F FReVWabR¥eNEioWaldSy dussd Winki ey A9Ht edbecti c
solders are excellent in wettability on the surface of a nmetal such as
copper, a eoppeicabtdg, oor asi inerdenix awsichlvwitoHdueime pastywatad-t hus
strongly adheres to the

soluble salt.

In recent years, there has been widely used, as a
solubilizing agent, formic acid or acetic acid which has
both of an excellent performance to dissolve an imidazole
compound in water and an excellent performance to bring
out a film-forming property of the imidazole compound.
However, since these acid compounds are highly volatile
and have irritating odor, there arise problems that the
imidazole compound may precipitate owing to decrease in
acid concentration in a water-soluble preflux and the
acid compounds may invite deterioration of working
environment.

[0006]

Tin-lead alloy eutectic solders have been widely
used in the aforementioned soldering. In recent years,
however, concerns have developed that the lead contained
in the solder alloys adversely affects the human body,

and thus the use of lead-free solders is desired.

Accordingly, various lead-free solders are being



metal, resulting in high reliability. In contrast, a |ead-free solder is
inferior to the conventionally used tin-lead solders in wettability on a
netal surface, and thus exhibits poor solderability and | ow bonding
strength due to voids and ot her bonding defects. Therefore, when-using a

| ead-free solder, it is necessary to select a solder alloy with superior
solderability and a flux suitable for the | ead-free solder. A water-soluble
preflux fotnusettinapee\entriorg exaxipdat, dread-fihee ssvideesohaaenpeah such as
copper, a copper alloy, or silver of the netal conductive part is also

requi red tprbp¥actiungt weish @ ndHHI0WUYh tde sebéapPi bihy, apdsmakdgrability
of the | ead-free sol der. Nbreover most of |ead-free sol ders have a hi gh

mel ting pohﬂaﬁuﬁ“dfﬁtﬁﬂﬂo‘ﬁ AW & dFe ROyt 5 595158 nérghouls 50C

hi gher than that of the c nventlo |1y used tin-lead eutectic sol ders.

Thus, the ter ol ubl refl i.S de |red o0 _have. th haracteristic of
being abl PoaP§ %a%ﬁe%h%f aQErRN %é?¥ %?l%%gtgsgésistance [ 0008]

Pat ent Doc ng 9 1: JP-B-46-17046 Patent Docunent 2: JP-A-4-206681 Patent
Docunment 3! 0§R7 A 5-25407 Patent Docunent 4: JP-A-5-186888 Di scl osure of

the Invention
The conventionally used tin-lead alloy eutectic

solders are excellent in wettability on the surface of a
metal such as copper, a copper alloy, or silver of a
metal conductive part, and thus strongly adheres to the
metal, resulting in high reliability.

In contrast, a lead-free solder is inferior to the
conventionally used tin-lead solders in wettability on a
metal surface, and thus exhibits poor solderability and
low bonding strength due to voids and other bonding
defects.

Therefore, when-using a lead-free solder, it is
necessary to select a solder alloy with superior
solderability and a flux suitable for the lead-free
solder. A water-soluble preflux for use in preventing
oxidation on the surface of a metal such as copper, a
copper alloy, or silver of the metal conductive part is
also required to have functions for improving the
wettability and solderability of the lead-free solder.

Moreover, most of lead-free solders have a high

melting point, and a soldering temperature is about 20 to



Probl ens that the Invention is to Solve [0009] In view of the foregoing
circunstance, the invention has been nade. An object is to provide a

wat er - sol ubl e preflux containing a lowvolatile solubilizing agent
excellent in performance to dissolve an imdazole conpound in water and
capabl e of bringing out an excellent filmform ng property of the imdazole
conpound, and also to provide a treating nethod for the surface of a netal

conducti veaypait SONC hicsHer i Siesn HiaHgbRgthBecsHrbaee onallQ yCadaart Wi th the
above water- soluble preflux. Al so, another object is to provide a printed

wWiring 5 doarreahesetacthe syibaee.of Taurgt ahecanductive sadé has  been
brought into contact with the above water-soluble preflux and a sol dering

et hod whigh £ARPr{ sesebibagi i nbiie Su! ars ol mtalc aondyetiye part into

contact w e above water-soluble preflux and subsequently sol dering the
surf ace. s for.Solving, the Problens [.0010] 1n.order,_to solve the
foregoingwgig%f%%sfof%ea gpggéﬁ?iiE@gﬁfowé%%a$EQ§Akﬁﬂ;\Rf%ﬁuiintensive
investigations. As a result, it has been found that a carboxylic acid

conpound HeRFHYL@€®- 16 carbon atons represented by the fol | owi ng general

formula 1 B?gog? excel l ent performance to solubilize an im dazol e conmpound

Patent Document 1: JP-B-46-17046
Patent Document 2: JP-A-4-206681
Patent Document 3: JP-A-5-25407

Patent Document 4: JP-A-5-186888

Disclosure of the Invention
Problems that the Invention is to Solve
[0009]

In view of the foregoing circumstance, the
invention has been made. An object is to provide a
water-soluble preflux containing a low-volatile
solubilizing agent excellent in performance to dissolve
an imidazole compound in water and capable of bringing
out an excellent film-forming property of the imidazole
compound, and also to provide a treating method for the
surface of a metal conductive part which comprises
bringing the surface into contact with the above water-
soluble preflux.

Also, another object is to provide a printed wiring



in water and performance to bring out an excellent film form ng property of
the i m dazol e conpound and thus the invention has been acconplished. [0011]
[Formula 1] R-Of CH2-CH O2-ECH2 COCH R2 /Im (wherein Rl represents a

| i near or branched al kyl group having 1 to 4 carbon atons, R2 represents a
hydrogen atom 6 or a nethyl group, mrepresents an integer of 0 to 3, and
n represents 1 or 2.) [0012] Nanely, a first invention relates to a water-

sol ubl e prRfdK WwREi s fige agut PhazeFeacnERaUNdoRbithcd 1 vEardaxy lHs aci d
conpound having 4 to 16 carbon atons represented by the above general

formil 8 Ly, 536006l VR D 0ok hat e 0 EHE UBLGE: SAlWB8 o Refd ux, whi ch

conprises t ol e conpound 1n a proportion of fromO0.01 to 10% by

wei ght and t above., carb lic acid ¢ und in_a_praoporti.qn .of fromO.1
1o 5000 P ARAIHT 250 i Y OE At eie iR P ar B e, g RaR il Alhite et hod
for a nmetal. conductive Eart, mhich conpri ses bringing the surface of the
metal conddt® iV IREE Phtd Mebht atPPARERIVRePRETeAIES QAN 35t 1 accor di ng

tothe first or second invention. A fourth invention relates to a printed
Wi ring the above water-soluble preflux and subsequently

soldering the surface.

Means for Solving the Problems
[0010]

In order to solve the foregoing problems, the
present inventors made extensive and intensive
investigations. As a result, it has been found that a
carboxylic acid compound having 4 to 16 carbon atoms
represented by the following general formula 1 has an
excellent performance to solubilize an imidazole compound
in water and performance to bring out an excellent film-
forming property of the imidazole compound and thus the
invention has been accomplished.

[0011]

[Formula 1]
1_ — —
R o( CH, C|:H 0 j—( CHy}— COOH
R2 m

(wherein R' represents a linear or branched alkyl group

having 1 to 4 carbon atoms, R® represents a hydrogen atom



board, wherein the surface of a netal conductive part has been brought
contact with the water-sol uble preflux
i nvention.
bringing the surface of a nmetal conductive part into contact with the

wat er -sol ubl e preflux according to the first or second invention and 7 then

according to the first or second

into

A fifth invention relates to a soldering nethod, which conprises

performng soldering. Effect of the Invention [0013] Since the
wat er - sol vl @ presffHywlx qfowphe mnveptésantsonhainsegelrowfvd atd |3 cardoxylic

acid conmpound as a solubilizing agent for imdazole compounds, it is
possi bl e o reftdderied Nt abh 2he concentration of the
sol ubl e preflux and no bad odor is generated. Mreover, as
d1 he case where formc acid or acetic acid is'used as a
solub|I|2|ng agent an excellent filmformng property of the imdazole

the water-
conpared

sol ubi li zi ng agent

in

conmpound can be brought qut.. Accarding to the surfa reatment net hod of
' ' @ Q Tl ?QN?%%FE%S ﬁg éuwsééé of a netal

the invention,

czi"l Qayer can

conducti ve %ﬁ{t and ? ce oxi dati on of the surhaoe of the net conducti ve

part can B5¥

used, the

can be se@aIaKer? AXEY BYNBONAEr hAYingcdokai

YheroTiRE: pFRAL 2R WhtAAGO

§aFPmHEP Yk § é%tlon is

bondi n betmeen the netal conductive Eart and electronic parts

the i nventi on,

represented by the above general formula 1.

A second invention relates to the water-soluble
preflux, which comprises the imidazole compound in a
proportion of from 0.01 to 10% by weight and the above
carboxylic acid compound in a proportion of from 0.1 to
50% by weight.

A third invention relates to a surface treatment
method for a metal conductive part, which comprises
bringing the surface of the metal conductive part into
contact with the water-soluble preflux according to the
first or second invention.

A fourth invention relates to a printed wiring
board, wherein the surface of a metal conductive part has
been brought into contact with the water-soluble preflux
according to the first or second invention.

A fifth invention relates to a soldering method,
which comprises bringing the surface of a metal
conductive part into contact with the water-soluble

preflux according to the first or second invention and

§ cenbed $31aME i ng net hod of



oxi dation of the surface of the netal conductive part can be prevented and
hence the solderability can be made good. 8 Best Mdde for Carrying Qut the
I nvention [0014] The following will explain the invention in detail. The
i m dazol e conpound suitable for carrying out the invention is not
particularly limted. Exanples thereof include al kylim dazol e conpounds,
arylimdazole conpounds, aralkylim dazole conpounds, alkyl benzi m dazol e
conmpounds,thgty| P¥Hag ofeldenpbtnds, and aral kyl benzi mi dazol e conpounds.
[ 0015] As the above al kylim dazol e conpounds, there may be nentioned
1-decyl i m dazol e, 2-nethylim dazole, 2- undecylim dazol e,
2- hept adecyl i m dazol e, 2-ethyl-4- nethylim dazole,
2- undecy!| -Erretthyd f mtidazoheendionet hyl i m dazol e, 4-octylim dazol e,
2-cycl ohexyl i m dazole, and the like. [0016] As the above arylim dazol e
conpounds, §dese may be nentioned 1-phenylim dazole, 2-phenylim dazole, 2-
tol yli m dazol e,” 2-(4-chl orophenyl )i m dazol e, 2-phenyl-4- nethylim dazol e,
2- phenyl - | - benzyld.m dazaql e, . 2-phe -4 b i daz , .
2, 4- di phenyl i ni dagzloﬂ% Ztg‘l,%-wmgtp eny(?i%bf'l%eﬁﬁéﬁ{rlng]dg?ofgég invention
2- phenyl - 4- (3, 4-di chl or ophe i mdazole, _, .
o bhenyl - £45L %10 Chi SPERRENYF} 16, RetRpritGazeie, cpmpound as a
(2, 4-di chl orophenyl ) - 4- phenyl - 5- et hyl i m_dazol e, 4 o

solubilizing agent for imidazole compounds, it is

possible to stably maintain the concentration of the
solubilizing agent in the water-soluble preflux and no
bad odor is generated. Moreover, as compared with the
case where formic acid or acetic acid is used as a
solubilizing agent, an excellent film-forming property of
the imidazole compound can be brought out.

According to the surface treatment method of the
invention, a chemical layer can be formed on the surface
of a metal conductive part and hence oxidation of the
surface of the metal conductive part can be prevented.

When the printed wiring board of the invention is
used, the bonding between the metal conductive part and
electronic parts can be securely performed by soldering.

According to the soldering method of the invention,
oxidation of the surface of the metal conductive part can

be prevented and hence the solderability can be made good.



9 phenylim dazol e, 2-nonyl -4-phenyli m dazol e, 4-phenyl-5- decyli m dazol e,

2- phenyl - 4- et hyl - 5- benzyl i m dazol e, 2- (1-naphthyl)i m dazole,

2- (2- napht hyl ) - 4- (4-chl or ophenyl ) - 5-nmnet hylim dazol e,

2- phenyl - 4- (2- napht hyl )i m dazole, 2,4,5-triphenylim dazol e,

2- (2, 4-dichl orophenyl)-4,5- diphenylimdazol e,

2- (I -napht hyl) -4, 5-di phenyl i m dazol e, 2-(4-pyridyl)-4,5-diphenylim dazol e,
and the | ikest [M004€] £ds CherghogeOartalthe iImvaatdlen conpounds, there may be
menti oned 1-benzyli m dazol e, 1-(4-chlorophenyl)nethyl- 2-methylim dazol e,
2-benzyl i njgeeo] e, 2-benzyl-4- nethylimdazole, 2-(2-phenylethyl)imdazole,
2- (5- phenyl pentyl)i m dazol e, 2-nethyl-4,5-di benzylim dazol e,

1- (2, 4-di chl or ophgpy | gt fiying- @PPZY&kﬁlQ@ﬁokﬁe gn@éntlon in detail.
napht hyl ) met hyl - 4- nethyllnldazole and the |ike. 18] As the above

al kyl benzi i dazol.g copoynds, tgg mqu ﬁgtggmg' B?dlcarrylng out

1- dodecyl - 2- net hy Serizi m dazo e, - propylbenzi-m azo
2-penty|b%gi|n1dazo e, 2- oct Iben%lnl az %92|n1 azole, 2-
hept adecy| bRzt AT GRY HPB, 15 HQ yPas] &Eﬁiﬂ xamples

2- pentyl -5, 6-di chl orobenzi m dazol e, 2-(1- ethylpentyl)ben2|nldazole
2-(2, 4, 4- thereehylpehuge) Béﬁill#f“délfél e ZOMRAUEHSyy | Henim drzel e,

2- (5-cycl ohexyl pentyl ) benzi m dazol e, 2 10 phenoxynet hyl benzi m dazol e,
2- (2- anmi noettydheszi ardakyllemidazole compounds, alkylbenzimidazole

compounds, arylbenzimidazole compounds, and
aralkylbenzimidazole compounds.
[0015]

As the above élkylimidazole compounds, there may be
mentioned l-decylimidazole, 2-methylimidazole, 2-
undecylimidazole, 2-heptadecylimidazole, 2-ethyl-4-
methylimidazole, 2-undecyl-4-methylimidazole, 4-
methylimidazole, 4-octylimidazole, 2-cyclohexylimidazole,
and the like.

[0016]

As the above arylimidazole compounds, there may be
mentioned l-phenylimidazole, 2-phenylimidazole, 2-
tolylimidazole, 2—(4;chlorophenyl)imidazole, 2-phenyl-4-
methylimidazole, 2-phenyl-l-benzylimidazole, 2-phenyl-4-
benzylimidazole, 2,4-diphenylimidazole, 2,4-diphenyl-5-
methylimidazole, 2-phenyl-4-(3,4-dichlorophenyl)imidazole,
2-phenyl-4-(2,4-dichlorophenyl)-5-methylimidazole, 2-

(2,4-dichlorophenyl) -4-phenyl-5-methylimidazole, 4-



2,2' -ethyl enedi benzi m dazol e, 2- (nercaptonethyl)benzi m dazol e, 2-

pentyl mer capt obenzi m dazole, and the |ike. [0019] As the above

aryl benzi m dazol e conpounds, there may be nentioned 1-phenyl benzi m dazol e,
2- phenyl benzi mi dazol e, 2-(4-chl orophenyl)benzi m dazol e, 1-benzyl-2-
phenyl benzi m dazol e, 2-o-tolyl-5,6-di nethyl benzi m dazol e,

2- (I -napht hyl ) - 5-chl or obenzi m dazol e, 5- phenyl benzi m dazol e,

2- (2- pyri dyhghebizntddasake, 2andniytie 4 dpheny 110020 z Ase | e-phengl-5-

ar al kyl benzi m dazol e conpounds, there nmy be nentioned

1- benzyl begzéyi dazaheold; hephgnkanz-wtaral-&-edfylimidazole, 2-
chl or ophenyl ) net hyl benzi m dazol e, 2-(4- bronophenyl) net hyl benzi m dazol e,

G5 5 S P ARG oveoners -

di chl or ophen enzi m dazol e, ylI'net hyl - 5,
di chl orobepzi m dazol e,._1-al | yl,-2-(4- .chl orpphenyl thyl benzi m dazol e, 2-(2-
phony! et hy PYBRROT A BASBPR1 o2 (3 PRI oy R M bEnas i tiazo) e,

2- (1 - napht hyl ) pet hyl benzi m dazol g, %%fﬁ-phenyIV|nyI)ben2|n1dazoIe, 2 11

(benzyl mer ¢apt 8y bEAPRANYaFBIE 22012 dreltA TErCHR T RY bbndi AT dazol e, and

the like. [0021]
diphenylimidazole, 2-(l-naphthyl)-4,5-diphenylimidazole,

2—(4—pyridyl)—4,5—diphenylimidazole, and the like.
[0017]

As the above aralkylimidazole compounds, there may
be mentioned l-benzylimidazole, 1-(4-chlorophenyl)methyl-
2-methylimidazole, 2-benzylimidazole, 2-benzyl-4-
methylimidazole, 2-(2-phenylethyl)imidazole, 2-(5-
phenylpentyl) imidazole, 2-methyl-4,5-dibenzylimidazole,
1-(2,4~-dichlorophenyl)methyl-2-benzylimidazole, 2-(1-
naphthyl)methyl-4-methylimidazole, and the like.

[0018]

As the above alkylbenzimidazole compounds, there
may be mentioned l-dodecyl-2-methylbenzimidazole, 2-
propylbenzimidazole, 2-pentylbenzimidazole, 2-
octylbenzimidazole, 2-nonylbenzimidazole, 2-
heptadecylbenzimidazole, 2-hexyl-5-methylbenzimidazole,
2-pentyl-5, 6-dichlorobenzimidazole, 2-(1-
ethylpentyl)benzimidazole, 2-(2,4,4-
trimethylpentyl)benzimidazole, 2-cyclohexylbenzimidazole,

2-(5-cyclohexylpentyl)benzimidazole, 2-

10



These i m dazol e conpounds may be contained in the water-soluble preflux in
a proportion of fromO0.01 to 10% by weight, preferably from0.1 to 5% by
wei ght. When the proportion of the im dazole conpound contained is |ess
than 0.01% by wei ght, the chemical |layer fornmed on the netal surface
becones thin and thus the oxidation of the netal surface cannot be
sufficiently prevented. Wien the proportion of the im dazole conpound

cont ai ned phenaspaue imghbangdpjdaspghr, °rt (Beesdaoedffli)dignzinlidazetol the
surface treatnent for obtaining a desired | ayer thickness suitable for

sol deri ng L,d'didtilonsen¢dD2@hzimidaroyeng2eut the invention, the carboxylic
acid conpound having 4 to 16 carbon atons represented by the above general

formula 1 (nferttseqsk GbeEh D) B EiRiAGZzageNt 2-when the water-soluble preflux is
prepared by solubilizing (converting into an aqueous solution) an imdazole

conpound.q%é¥¥$ﬁ%EE%#E§Q§ngiﬁggggglgt thg RH@sent.d nventors, performance

to sol ubil conpounds can be enhanced by using the carboxylic
acid conpqgﬂgigcving a chemcal structure wherein an al koxy group (R1-0O)
and a 12 carpoxynet hyl group (-CH2COOH) or a carboxyethyl group (- C2H4000H)
is conmbined via an al kyl ene ether.  chain (- CH(R2)-0-), so.that mis
preferably from f%xFQQI4§9¥ﬁn&ﬁ¥lq?&?%%}%%§§g?céa@%aueéﬁpogﬁﬁrﬁayﬁﬁb 3
carbon atons is methoxyacetic acid but the substance is i

be mentioned 1l-phenylbenzimidazole, 2-phenylbenzimidazole,

2—-(4~-chlorophenyl)benzimidazole, l-benzyl-2-
phenylbenzimidazole, 2-o-tolyl-5,6-dimethylbenzimidazole,
2-(l-naphthyl)-5-chlorobenzimidazole, 5-
phenylbenzimidazole, 2-(2-pyridyl)benzimidazole, and the
like.
[0020]

As the above aralkylbenzimidazole compounds, there
may be mentioned l-benzylbenzimidazole, 2-
benzylbenzimidazole, 2-(4-
chlorophenyl)methylbenzimidazole, 2-(4-
bromophenyl)methylbenzimidazole, 2-(2,4-
dichlorophenyl)methylbenzimidazole, 2-(3,4-
dichlorophenyl)methylbenzimidazole, 2-p-tolylmethyl-5, 6-
dichlorobenzimidazole, 1l-allyl-2-(4-
chlorophenyl)methylbenzimidazole, 2-(2-
phenylethyl)benzimidazole, 2-(3-phenylpropyl)-5-
methylbenzimidazole, 2-(l-naphthyl)methylbenzimidazole,

2-(2-phenylvinyl)benzimidazole, 2-

11



reported to be difficult to netabolize in the living body and to have an
effect of causing testicular atrophy or teratogenicity, so that its
comercial use is not preferred. [0023] Anong the carboxylic acid conpounds
having 4 to 16 carbon atons represented by the above general formula 1,

t he carboxylic acid conpounds having 4 to 16 carbon atons represented by
the followi ng general fornmula 2, which are the cases that nis 1, can be
synt hesi zedénez piwerdapte) benzhnidazméehod -d€-descri bed i n "Yukagaku, Vol .
32, p. 118 (1983)". Nanely, as shown in the reaction schene of the fornula
3, an excéssnoflmerakpobethgdhpenndmisazodagt ehdmvtihe 4 ikeedet er mi ned nol ar
anount of netal sodium and then nonochl oroacetic acid is added thereto in
an anmount;@f2{} 5 nol ar equivalent to nmetal sodium followed by heating to
effect a reaction. After conpletion of the reaction, excessive al cohol

conmpound is remxﬁ%stydirﬁi;(%%%%lfté% U ggfﬁgguggdcg{jgggﬂkg and t?%equat e

anount of concentrate oric or“neutralization'is added and

extracted by an ether. etc. en the_extract . .such the ether, is, .,

concent r at'8 t%ﬁa%?fﬁgﬁﬁcgﬁegig§sﬁpe? p§ﬁ§°ﬁﬁéc?b§ﬁfﬁFﬁ§1égﬁgghE?a}%Fis
distilled under, reduced _pressure, mh%reb¥ the carboxylic acid cquound can
be obtaiﬂéﬂ.wTB@Qﬁ] pfgggﬁﬁpéyzfrom .1l to 5% by weight. When the

proportion of the imidazole compound contained is less
than 0.01% by weight, the chemical layer formed on the
metal surface becomes thin and thus the oxidation of the
metal surface cannot be sufficiently prevented. When the
proportion of the imidazole compound contained is more
than 10% by weight, it becomes difficult to control the
surface treatment for obtaining a desired layer thickness
suitable for soldering conditions.

[0022]

In carrying out the invention, the carboxylic acid
compound having 4 to 16 carbon atoms represented by the
above general formula 1 is used as a solubilizing agent
when the water-soluble preflux is prepared by
solubilizing (converting into an aqueous solution) an
imidazole compound.

According to the findings of the present inventors,
performance to solubilize imidazole compounds can be
enhanced by using the carboxylic acid compound having a

chemical structure wherein an alkoxy group (R'-0-) and a

12



Rl OCH2 - CH-OCH2-COON R2 m (wherein R' represents a |inear or branched
al kyl group having 1 to 4 carbon atons, R2 represents a hydrogen atom or a
met hyl group, and mrepresents an integer of 0 to 3.) [0025] [Formula 3]
RLOQCH2 CHO HNa' RR OCHZi 2 HONa CCCH2OOOH 1 Z mR R M RL oy-CH2
i HO CH2OONa HCIl RI -OCH HOCH2000H Z Z R MR m(wherein Rl
represents a |inear or branched al kyl group 14 having 1 to 4 carbon atons,
R2 represep@sboxypatbyéngaroim (ofHaCaethyPrgaogp rhaxy shhyvdprassair s(an

integer of O to

3.) [0026] The carboxylic acid compound in the case where m

shown in t&d,above fier mdmbihad Wia saretdbkyberei etherdchapnodexyacetic aci d,
i sopropoxyacetic acid, butoxyacetic acid, isobutoxyacetic acid,
sec- but oxyeg£iH R%6iI0h) ,0rso taidt hut oxyseetécaBtydfrb027o 3.

Moreover, the carboxylic acid compound having 3

carbon atoms is methoxyacetic acid but the substance is

reported to be difficult to metabolize in the living body

and to have an effect of causing testicular atrophy or

teratogenicity, so that its commercial use is not

preferred.

[0023]

Among the carboxylic acid compounds having 4 to 16

carbon atoms represented by the above general formula 1,

the carboxylic acid compounds having 4 to 16 carbon atoms

represented by the following general formula 2, which are

the cases that n is 1, can be synthesized in accordance

with the method as described in “Yukagaku, Vol. 32, p.

118 (1983)”. Namely, as shown in the reaction scheme of

the formula 3, an excess of an alcohol compound is

reacted with a predetermined molar amount of metal sodium

and then monochloroacetic acid is added thereto in an

amount of 0.5 molar equivalent to metal sodium, followed

by heating to effect a reaction. After completion of the

reaction, excessive alcohol compound is removed by

distillation under reduced pressure and adequate amount

of concentrated hydrochloric acid for neutralization is

13



Simlarly, the carboxylic acid conpound in the case where mis 1 and R2 is
a hydrogen atomis 2-(2- nmethoxyethoxy) acetic acid,

2- (2- et hoxyet hoxy) acetic acid, 2-(2-propoxyethoxy)acetic acid, 2-(2

i sopropoxyet hoxy) acetic acid, 2-(2-butoxyethoxy)acetic acid,

2- (2-isobut oxyet hoxy)acetic acid, 2-(2-sec- butoxyethoxy)acetic acid, or
2-(2-tert butoxyethoxy) acetic acid. [0028] Simlarly, the carboxylic acid
conpound iadddr azmdecxthacteth by 2narihR2 iefca hydeogerhatextrac2- [ 2- ( 2-

met hoxyet hoxy) et hoxy] acetic acid, 2-[2-(2- ethoxyethoxy)ethoxy]acetic acid,
2-[2-(2- pogoxyetblexygehboxylaeehcenadhated? unde2-rdBaEdpoxyssioxy) et hoxy]
acetic acid, 2-[2-(2 15 butoxyet hoxy)ethoxy]acetic acid, 2-[2-(2-

| sobut oxyeéﬁ@xw@tbegulagﬁgl Eoﬁ@bﬁtrg‘tbz 162 d%%%llqu%é@%@&@&dy] acetic
acid, or 2-[2-(2-tert- butoxyethoxy) ethoxy]acetlc aC|d [0029] Simlarly,

th b d d. hyd
atgnfﬁg gﬁ%ééfigfé ﬁﬁgﬁ thoxyg%P%§§ﬁfé¥%§iy ace f§n§£|d§?£6§2a[2y(;?gen
ethoxyetho ethoxy]ethoxy}acetlc acid, 2-{2-[2-(2-

pr opoxyet %ﬁ %Xy]ethoxy}acetlc aC|d 2-{2-[2-(2-

|sopropoxyethOXﬁ)ethoxy]ethoxy}acetlc aC|d 2-{2-[2-(2-
but oxyet hok§8#4 hoxy] et hoxy} acetic acid, 2-{2-[2-(2-

[Formula 2]

R1—O~<CH2 — TH —0 7 CH,— COOH
R? m

(wherein R! represents a linear or branched alkyl group
having 1 to 4 carbon atoms, R? represents a hydrogen atom
or a methyl group, and m represents an integer of 0 to
3.)

[0025]

[Formula 3]

R~0-+CH,—CH—O - H N R0~ CH,—CH—0-Na
2 a 2 CICH,COOH .
R2 m R2 m
R0 --GH,— CH— 0~ CH;COONa HCI RY0 - CH,— CH— O - CH,COOH
_—
R? m R o

(wherein R! represents a linear or branched alkyl group

14



i sobut oxyet hoxy) et hoxy] et hoxy}acetic acid, 2-{2-[2-(2-

sec- but oxyet hoxy) et hoxy] et hoxy}acetic acid, or 2-{2-[2-
(2-tert-butoxyet hoxy) et hoxy] et hoxy}acetic acid. [0030] Simlarly, the
carboxylic acid conmpound in the case where mis 1 and R2 is a nethyl group
is 2-(2-nmethoxy-I- methylethoxy) acetic acid, 2-(2-ethoxy-|I nethyl ethoxy)
acetic acid, 2-(2-propoxy-l- nethylethoxy) acetic acid, 2-(2-isopropoxy-I|-
met hyl et hokyyinageli toadi d¢arPon2-atwmesyy R mephrgls engtshax yabeigen at o

2- (2-isobutoxy-1-nethyl ethoxy)acetic acid,

2- (2- sec- byt 0xymbt AR hykreupox yhacet ireA@sbntd & integer of 0 to
(2-tert-butoxy-I-nethylethoxy)acetic acid. 16 [0031] Simlarly, the
carboxylic3g9id conmpound in the case where mis 2 and R2 is a nethyl group
is 2-[2-(2-nmethoxy- 1-nethylethoxy)-1-nethylethoxy]acetic acid, 2-[2-(2-
ethoxy-l-n?ég%éfthoxy)-l-nethylethoxy] acetic acid, 2-[2-
(2- propoxy-T- hyl et hoxy) - 1- net hyl et hoxy] acetic acid, 2-
[ 2- (2-i sopropoxy-|-met hyl et hoxy) -1 - net hyl et hoxy] acetic acid,
2-[ 2- (2- but oxy- 1 -The h%%*f’%%i}glaﬁéfihwglpﬁb‘i’ﬂ igc i @S where m
2-[2-(2-isobutoxy-I-_ nethylethoxy)-1-nethyl et hoxy]acetic acid, 2-[2-(2-sec-
but oxy- 1- nehdyhet RokPp- Pbedenioariday ]2 aicetl cdlaacgdhonyagetic acid,
[ 2-(2-tert-butoxy-I-nethylethoxy)-1-nmethyl ethoxy] acetic acid. [0032]
propoxyacetic acid, isopropoxyacetic acid, butoxyacetic
acid, isobutoxyacetic acid, sec-butoxyacetic acid, or
tert-butoxyacetic acid.
[0027]
Similarly, the carboxylic acid compound in the case
where m is 1 and R? is a hydrogen atom is 2-(2-
methoxyethoxy)acetic acid, 2-(2-ethoxyethoxy)acetic acid,
2-(2-propoxyethoxy)acetic acid, 2-(2-
isopropoxyethoxy)acetic acid, 2-(2-butoxyethoxy)acetic
acid, 2-(2-isobutoxyethoxy)acetic acid, 2-(2-sec-
butoxyethoxy)acetic acid, or 2-(2-tert-
butoxyethoxy)acetic acid.
[0028]
Similarly, the carboxylic acid compound in the case
where m is 2 and R? is a hydrogen atom is 2-[2-(2-
methoxyethoxy)ethoxylacetic acid, 2-[2-(2-
ethoxyethoxy) ethoxylacetic acid, 2-[2-(2-
propoxyethoxy)ethoxylacetic acid, 2-[2-(2-

isopropoxyethoxy)ethoxylacetic acid, 2-[2-(2-

15



Simlarly, the carboxylic acid conpound in the case where mis 3 and R2 is
a nethyl group is 2-{2-[2-(2- nethoxy-I|-nethylethoxy)-1-nethylethoxy]-1-

nmet hyl et hoxy} acetic acid, 2-{2-[2-(2-ethoxy-I-

met hyl et hoxy) - 1- et hyl et hoxy] - 1- met hyl et hoxy} acetic acid,
2-{2-[2-(2-propoxy-I|-nethyl et hoxy) - 1- net hyl et hoxy] - 1- net hyl et hoxy}acetic
acid, 2-{2-[2-(2-isopropoxy-I|- nethylethoxy)-1-nethylethoxy]-I-nethylethoxy}
acetic aci Butoxygpzhioxy) 2theraxpdetit BEEd hoky)21{4et hyl et hoxy] - 1-

met hyl et hoxy}acetic acid, 2-{2-[2-(2-isobutoxy-I-

met hyl et hoxgpbirtotyleydhetdyd athdzynetdat ot hoxyd, a2ef2e(2aesde-17
2-{2-[2-(2-sec-butoxy-I|-nethyl et hoxy) - 1-net hyl et hoxy] - 1- net hyl et hoxy}acetic
acid, or 2p{i2okdetAd:ghtethd:gadetic acid, or 2-[2-(2-tert-

met hyl et hoxy) - 1- met hyl et hoxy] - 1- net hyl et hoxy}acetic acid. [0033] Anpbng the

carboxylic I J it . ycarbon atons represented by the
bﬁ%o?zgr%%u’ﬁ%gﬂz?%%%ééﬂ% 4 10 i ¢

above general carboxyl1c acid conpounds having 4 to 16

car bon atoqﬁozr%presented by the followi ng general formula 4, which are the
cases that ig 2, can be synthesized in accordance wth the nethod using
cyanoet hyl et her cogE?un S as startin% materigls as descriped in "J. Am

Chem Soc., Vol .S¥8iiprlys33he1628Poxyiis Arltb&MA W et corpot@Be can be
synthesized in accordance with the nmethods as described in "British Patent
No. 544421whgx¢ TMUisS3 paxe®” N6. a22guizgmen Ngmm yis as Gdoldr (4t he reaction
schene of the
methoxyethoxy)ethoxy]ethoxylacetic acid, 2-{2-[2-(2-
ethoxyethoxy)ethoxyl]ethoxylacetic acid, 2-{2-[2-(2-
propoxyethoxy)ethoxylethoxylacetic acid, 2-{2-[2-(2-
isopropoxyethoxy)ethoxy]ethoxylacetic acid, 2-{2-[2-(2-
butoxyethoxy) ethoxy]ethoxylacetic acid, 2-{2-[2-(2-
isobﬁtoxyethoxy)ethoxy]ethoxy}acetic acid, 2-{2-[2-(2-
sec-butoxyethoxy)ethoxylethoxylacetic acid, or 2-{2-[2-
(2-tert-butoxyethoxy)ethoxylethoxylacetic acid.
[0030]
Similarly, the carboxylic acid compound in the' case
where m is 1 and R® is a methyl group is 2-(2-methoxy-1-
methylethoxy)acetic acid, 2-(2-ethoxy-1-
methylethoxy)acetic acid, 2-(2-propoxy-1-
methylethoxy)acetic acid, 2-(2-isopropoxy-1l-
methylethoxy)acetic acid, 2-(2-butoxy-l-methyl
ethoxy)acetic acid, 2-(2-isobutoxy-l-methylethoxy)acetic

acid, 2-(2-sec-butoxy-l-methylethoxy)acetic acid, or 2-

(2-tert-butoxy-l-methylethoxy)acetic acid.
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formula 5, an al cohol conpound is reacted wwth acrylonitrile in the
presence of an al kali catalyst such as sodi um et hoxide, and after
neutralization, the reaction product is distilled under reduced pressure to
synt hesi ze a cyanoet hyl ether conpound. The cyanoethyl ether conmpound is
heated in an aqueous solution of a strong acid such as hydrochloric acid to
effect a reaction, the reaction mxture is concentrated, precipitated
anmoni um gd@d31sjuch as anmoni um chloride is 18 renoved by filtration, and
then the filtrate is distilled under reduced pressure, whereby the

carboxylic acid sgaipewld candeDiatyeidc §8034¢ompbanaulia 4heRka®@eCHZ- CH O
-{CHZ 000H RZ m [0035] [Formula 5] RI-O. CHZi HO _H+ CHZ=CH CN

gaéoézg(q@{cﬁ)zem ig2 SMam2 Rs Q (fidth GH G CHE- SN[ HC 2 igPnoBg-m R

l-methylethoxy)-1l-methylethoxylacetic acid, 2-[2-(2
ethoxy-l-methylethoxy)-l-methylethoxylacetic acid, 2-[2-
(2-propoxy-l-methylethoxy)-1-methylethoxylacetic acid, 2-
[2-(2-isopropoxy-l-methylethoxy)-1l-methylethoxy]acetic
acid, 2-[2-(2-butoxy-l-methylethoxy)-1-
methylethoxy]acetic acid, 2-[2-(2-isobutoxy-1-
methylethoxy)-1l-methylethoxylacetic acid, 2-[2-(2-sec-
butoxy-l-methylethoxy)-1l-methylethoxy]acetic acid, or 2-
[2-(2-tert-butoxy-l1-methylethoxy)-1l-methylethoxyl]acetic
acid.

[0032]

Similarly, the carboxylic acid compound in the case
where m is 3 and R? is a methyl group is 2-{2-[2-(2-
methoxy-l-methylethoxy)~l-methylethoxy]-1-
methylethoxylacetic acid, 2-{2-[2-(2-ethoxy-1-
methylethoxy)-1-methylethoxy]-1-methylethoxylacetic acid,
2-{2-[2=(2-propoxy-l-methylethoxy)-1-methylethoxy]-1-
methylethoxylacetic acid, 2-{2-[2-(2-isopropoxy-1-
methylethoxy)-l-methylethoxy] -1-methylethoxylacetic acid,
2-{2-[2-(2-butoxy-l-methylethoxy)-1l-methylethoxy]-1-
methylethoxyl}acetic acid, 2-{2-[2-(2-isobutoxy-1-

methylethoxy)-1-methylethoxy]-1l-methylethoxylacetic acid,
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RZ m (wherein Rl represents a linear or branched al kyl group having 1 to 4
carbon atons, R 2 represents a hydrogen atom or a nethyl group, and m
represents an integer of 0 to 3.) [0036] 19 The carboxylic acid conpound in
the case where m shown in the above formula 4 is 0 is 3-ethoxypropionic
aci d, 3-propoxypropionic acid, 3-isopropoxypropionic acid,

3- but oxypropi oni ¢ acid, 3-isobutoxypropionic acid, 3-sec- butoxypropionic
acid, or 2-t{er-t[-Dbutdegr-dpibmkg-acndthyle0BokyS-ir-mathy 1 ettheoxyarbloxyl i ¢ aci d
compound in the case where mis 1 and R2 is a hydrogen atomis 3-(2-

et hoxyet k@thhraian aest te 3c{d; ebhoryehqry)(RrepiraRrbut cagi-d,-
3-(2- propoxyethoxy)proplonlc acid, 3-(2- isopropoxyethoxy)propionic acid,

3-(2- but QeelNRONIY m%@tﬁf;wthéx&? 1Lﬁ@%§@é§t%&%é)d@t% Qi acid,
3-(2-sec- but yethoxy)proplonlc acid; "or (2-tert- but oxyethoxy) propionic

aci d. [Ooqgjzﬁﬁnllarly, t he carboxylic aC|d conpound in the case where mis
2 and R2 i ydrogen atomis 3-[2-(2- nethoxyethoxy) ethoxy] propionic

actd 312-(2- ey hoxyethoxy). Sty or 08l QM 638 his hh3ihg PLEPTYEt NOXY)
carbon atoms represented by the above general formula 1,
the carboxylic acid compounds having 4 to 16 carbon atoms
represented by the following general formula 4, which are
the cases that n is 2, can be synthesized in accordance
with the method using cyanoethyl ether compounds as
starting materials as described in “J. Am. Chem. Soc.,
Vol. 70, p. 1333 (1948)”

The cyanoethyl ether compounds can be synthesized
in accordance with the methods as described in “British
Patent No. 544421” and “U. S. Patent No. 2280792”.

Namely, as shown in the reaction scheme of the
formula 5, an alcohol compound is reacted with
acrylonitrile in the presence of an alkali catalyst such
as sodium ethoxide, and after neutralization, the
reaction product is distilled under reduced pressure to
synthesize a cyanoethyl ether compound. The cyanoethyl
ether compound is heated in an aqueous solution of a
strong acid such as hydrochloric acid to effect a

reaction, the reaction mixture is concentrated,

precipitated ammonium salt such as ammonium chloride is
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i sopr opoxyet hoxy) et hoxy] propi onic acid, 3-[2-(2-

but oxyet hoxy) et hoxy] propi onic acid, 3-[2-(2-

i sobut oxyet hoxy) et hoxy] propi onic acid, 3-[2-(2-sec-

but oxyet hoxy) et hoxy] propi onic acid, or 3-[2-(2-tert 20

but oxyet hoxy) et hoxy] propionic acid. [0039] Simlarly, the carboxylic acid
conpound in the case where mis 3 and R2 is a hydrogen atomis 3-{2-[2-(2-
met hoxyet hengwiddxy | £1 hoxyt poopi andc thend thd- {fA-1[t>at2 is distilled

et hoxyet hoxy) et hoxy] et hoxy} propi oni c acid, 3-{2-[2-(2-

pr opoxyet i et hexyd&d heoxys 9608, 0the radivd thd- Laribd(2-1d saprdpoxyet hoxy)

et hoxy] et hoxy} propionic acid, 3-{2-[2-

(2- but oxy hoxylst h ionic acid, 3-{2-[2-(2- isobutoxyethoxy)
ethoxy]etﬁ%x pfg%ionigggc?g?égéggi[Z-(z-
sec-butoxyﬁ%ﬂggg)ethoxy]ethoxy}propionic acid, or 3-{2-

[2-(2-tert® yet hoxy) et hoxy] et hoxy}propionic acid. [0040] Simlarly, the
carboxylic acid conpound in the case where mis 1 and R2 is a nethyl group
is 3-(2-newﬁﬁ¥941@n¥%thylethoxy)propionic acid, 3-(2-ethoxy-I-

met hyl et hoxy) propi oni ¢ acid, 3-(2-propoxy-I|- nethyl ethoxy)propionic acid,
3- (2-1 sopr RPax¥-du, veHhyb @Xy3—pvoORI oni ¢ acid, 3-(2-butoxy-I-

met hyl et hoxy) p{ opi onijc aci d, 3-(2-i sobut oxy-1- met hyl et hoxy) propi oni ¢ aci d,
3-(2-sec-but oxy-I - nmgehyl efoxy) propionic acid, or 3-(2-tert-butoxy-I-

met hyl et hoxy) propi oni ¢ aci d.

[0035]

[Formula 5]

+  CHy==CH—CN

RLo CHy— CH—O>> H NaOC,H5 (cat.) -
R? m

RL0 ~<on— CH—O )~ CH,CHy—CN %»
2

R? m

RL-0 ~<0H2— <|:H— o) >v CH,CH,— COOH
R? m

(wherein R' represents a linear or branched alkyl group
having 1 to 4 carbon atoms, R? represents a hydrogen atom
or a methyl group, and m represents an integer of 0 to
3.)

[0036]
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[0041] Simlarly, the carboxylic acid conpound in the case 21 where mis 2
and R2 is a nethyl group is 3-[2-(2-nethoxy-

1- net hyl et hoxy) - | - net hyl et hoxy] propi oni c acid, 3-[2-(2-

et hoxy- | - met hyl et hoxy) - 1- net hyl et hoxy] propi oni ¢ acid, 3-

[ 2- (2- propoxy-1| - et hyl et hoxy) - 1- met hyl et hoxy] propi onic aci d,
3-[2-(2-isopropoxy-|-nethyl et hoxy)-1- nethyl et hoxy] propionic acid,

-[ 2- (2- but oxy- | Theetdytledhpkyg - dc bt byphpbhaxdylipr cheoiaseacinbre31f 2- ( 2-

but oxy- | - net hyl et hoxy) - | - net hyl et hoxy] propi oni ¢ aci d,

2- ( 2- segndiptt Oxy - th&BEBYYEt Fexllh 4mathyd ethaadiHopPrdsiseid, or
2-(2-tert-butoxy-1- nethyl ethoxy)-I-nethyl ethoxy] propionic acid. [0042]
mlarly, car i j o} i nat mls. 3 R2 is
met byl GOUD | o PR e 3R o R b e e dif 1

yl et ho ropionic.acid, 3-{2-[,2-.(2-ethoxy-1- . . .

| ot hok Yo F SREBROP L BRb &y PO Bire P ST I AR kS 3ty 3-see-

-[ 2- (2- propoxy-1 - et hyl et hoxy) - |_- met hyl et hoxy] - 1- et hyl et hoxy] pr opi oni c
-{2@T§P¥$P¥§Eb?6&6x?gﬂd' or 3-tert-butoxypropionic acid.

t hoxy) - 1- et hyl et hoxy] - | - met hyl et hoxy} propi onic aci d,

- (2E®UB6ky- | - met hyl et hoxy) - 1- net hyl et hoxy] - 1- met hyl et hoxy} pr opi oni ¢
-{2-[2-(2-isobutoxy-I-

hoxy) - 1- reeitriiyll &t hpxyihd - cetbygkel hoxgkpdopompioandadind,the case

- (2-sec- but oxy-| - net hyl et hoxy) - 1-

t hopyd ré - et Byh ekhexr¥ pi §ph ORyEraged, a®om3ik23-42-

w

(7))

[l Ne)

nwow=

0 X387

<L -

-
DD WND W

w D W
3 3ot
R
~—t

h
h
2
d
h
2
d
h
2
h

3

y
methoxyethoxy)propionic acid, 3-(2-ethoxyethoxy)propionic
acid, 3-(2-propoxyethoxy)propionic acid, 3-(2-
isopropoxyethoxy)propionic acid, 3-(2-
butoxyethoxy)propionic acid, 3-(2-
isobutoxyethoxy)propionic acid, 3-(2-sec-
butoxyethoxy)propionic acid, or 3-(2-tert-
butoxyethoxy) propionic acid.

[0038]

Similarly, the carboxylic acid compound in the case
where m is 2 and R? is a hydrogen atom is 3-[2-(2-
methoxyethoxy)ethoxy]lpropionic acid, 3-[2-(2-
ethoxyethoxy) ethoxy]propionic acid, 3-[2-(2-
propoxyethoxy)ethoxy]propionic acid, 3-[2-(2-
isopropoxyethoxy)ethoxylpropionic acid, 3-[2-(2-
butoxyethoxy)ethoxylpropionic acid, 3-[2-(2-
isobutoxyethoxy)ethoxy]lpropionic acid, 3-[2-(2-sec-

butoxyethoxy) ethoxy]propionic acid, or 3-[2-(2-tert-
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22 (2-tert-butoxy-I-nethyl ethoxy)-1-nethyl ethoxy]-1- nethyl et hoxy) propi onic
acid. [0043] These carboxylic acid conpounds may be contained in a

wat er-sol ubl e preflux in a proportion of from0.1 to 50% by wei ght,
preferably from1l to 30% by weight. In the case where the proportion of the
carboxylic acid contained is |l ess than 0.1% by wei ght, the im dazole
conpound cannot be sufficiently solubilized. In the case where the

proporti of ARt d A RS PYpWEb9Bhi ct Beigagent cost of the carboxylic
acid increases "and thus the " case is not preferred. [0044] In carrying out

the invent| 2 conventionally known organic acid, inorganic acid, or
organi ¢ solvent: may be used as a solubilizing agent in conbination with

t he carboxylic acgi.d.conpound.. Representative exanples of the _organic acid to
be  used i ncl ude PR el Efl,hea rRO de? ?)%éi gﬁﬁ“@‘)&ﬁiﬂd}nﬂi FeSaci d,
glyoxylic acid, pyruvic acid, acetoacetic acid, |levulinic acid, heptanoic

aci d, capmfiare atils 3 capiiR aes B hydregencabiomgligcdrié-aérd2—gl yceric

acid, lactic acid, acrylic acid, benzoic acid, p-nitrobenzoic acid,

p- t ol uenesnd tfromi e t@vdxly ) sbhoxyl ethagiydprpipdoind casicd,d, Sdld—c[Zacid; succinic

acid, maleic acid, fumaric acid, 23 tartaric acid, and adipic acid; and

exanpl es &ftHd¥®ethoxy) ethoxylethoxy}propionic acid, 3-{2-[2-(2-
propoxyethoxy)ethoxy]ethoxylpropionic acid, 3-{2-[2-(2-
isopropoxyethoxy)ethoxy]ethoxy}propionic acid, 3-{2-[2-
(2-butoxyethoxy)ethoxy]ethoxy}propionic acid, 3-{2-[2-(2-
isobutoxyethoxy)ethoxyl]ethoxylpropionic acid, 3-{2-[2-(2-
sec-butoxyethoxy)ethoxy]ethoxy}propionic acid, or 3-{2-
[2-(2-tert-butoxyethoxy)ethoxy]ethoxy}propionic acid.
[0040]

Similarly, the carboxylic acid compound in the case
where m is 1 and R? is a methyl group is 3-(2-methoxy-1-
methylethoxy)propionic acid, 3-(2-ethoxy-1-
methylethoxy)propionic acid, 3-(2-propoxy-1-
methylethoxy)propionic acid, 3-(2-isopropoxy-1-
methylethoxy) propionic acid, 3-(2-butoxy-1-
methylethoxy)propionic acid, 3-(2-isobutoxy-1-
methylethoxy)propionic acid, 3-(2-sec-butoxy-1-
methylethoxy)propionic acid, or 3-(2-tert-butoxy-1-
methylethoxy)propionic acid.

[0041]

Similarly, the carboxylic acid compound in the case
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i norganic acid include hydrochloric acid, phosphoric acid, sulfuric acid,
and nitric acid. [0045] Al so, as the organic solvent, there may be

menti oned | ower al cohols such as nethanol, ethanol, and isopropyl alcohol;
or acetone, N, N-di methylformam de, ethylene glycol, and the |ike, which are
freely mscible with water. [0046] To the water-soluble preflux of the

i nvention, a copper conpound may be added in order to accelerate a
formati on wiateeoh ibeZChadlRél1$aaemeﬁhynhgrsupfaeeaﬁ[Z{dﬁ}mEﬂhdxpﬂnduct|ve
part and a zinc conpound may be added in order to further enhance heat

resi st ance] ohet RQ1eEhBRGaN ~ay e 1kehmd:] JReiyiestid aldve, exappt es-of the
above copper conpound include copper acetate, cuprous chloride, cupric

chl ori de, gy gslbﬁgghgg ﬁPQ?tebh et féﬁ&&ﬁic gﬁp@er bydrOX|de

copper phosp coppe opper trate and the [ and
representa exanpl es e.zi.nc ¢ oun de z nc oxi de Z|nc
fofmte.  LenE2oREPRpEy-37 ﬁl@‘t@y&rﬁ'&?@@ dcé}y;% foRtatte e
sul fate, zin¢ nitrate, zinc hat e, and the i ke. Any of the netal

conpounds ﬁﬁydbe3aé§e&2|ﬁSQP5P886ﬂtﬁoﬁ@?@%ﬁequﬁﬁ(T¥ﬂ.to 10% by wei ght ,

preferably a proportion of from0.02 to 596by wei ght in the water-sol uble
prefl ux. @eghy}ethoxy]proplonlc acid, 3-[2-(2-butoxy-1-

methylethoxy)-1-methylethoxy]propionic acid, 3-[2-(2-
isobutoxy-l-methylethoxy)-1-methylethoxy]propionic acid,
3-[2-(2-sec-butoxy-l-methylethoxy)-1-

' methylethoxy]propionic acid, or 3-[2-(2-tert-butoxy-1-
methylethoxy)-1-methylethoxy]lpropionic acid.
[0042]

Similarly, the carboxylic acid compound in the case
where m is 3 and R® is a methyl group is 3-{2-[2-(2-
methoxy-l-methylethoxy)-1l-methylethoxy]-1-
methylethoxy}propionic acid, 3-{2-[2-(2-ethoxy-1-
methylethoxy)-1-methylethoxy]-l-methylethoxyl}propionic
acid, 3-{2-[2-(2-propoxy-l-methylethoxy)-1l-methylethoxy]-
l-methylethoxy}propionic acid, 3-{2-[2-(2-isopropoxy-1-
methylethoxy)-1-methylethoxy]-1-methylethoxy}propionic
acid, 3-{2-[2-(2-butoxy-l-methylethoxy)-1l-methylethoxy]-
l-methylethoxyl}propionic acid, 3-{2-[2-(2-isobutoxy-1-
methylethoxy)-1l-methylethoxy]-1l-methylethoxy}propionic
acid, 3-{2-[2-(2-sec-butoxy-l-methylethoxy)-1-

methylethoxy]-1-methylethoxy}propionic acid, or 3-{2-[2-
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In the case where such a copper compound or zinc conpound is used, it is
preferable to stabilize the pH of the water-soluble preflux by adding a
substance having a buffer action, such as amonia or an anmi ne such as
nonoet hanol am ne, di et hanol am ne, or triethanolamne into the water-soluble
preflux. [0048] In order to further enhance the formation rate of the

chem cal layer and the heat resistance of the layer, a hal ogen conpound may

be added i(?-agyteardd:on imd iy e Oh OL}) + 0-Aea hylvehokly,] -A~ef erably a
proportion of from 0.01 to 0.5% by weight into the water-sol uble preflux of

the i nventjmy1Rtamd B Mpidiei baioogn conmpound include sodium fluoride,
potassi um fluodride, amonium fluoride, sodiumchloride, potassium chloride,

annoniunlgqgﬂﬁhde, sodi um brom de, potassi um brom de, anmoni um broni de,
sodi um i odi de,” "pot assi um i odi de, and ammoni um i odi de. [0049] Wth respect
to the condition& for treating.the J.\skgrface of . the metal co ducthve part of
the printed wiriRGSGoSAE &ﬁﬁ%}Qtﬁg RV DY P F UROBFALREY FRvent i on,
the liquid tenperature of the water-soluble 25 preflux is preferably from 10
to 70C, ard watekuitlaiile iprefiex piefarabpportdaniofedsrd Yo 1d i nutes. As
the contact nethod, there may be nentioned di pping, spraying, coating, and
the |ike m%hdds.wgig)8o] preferably from 1 to 30% by weight. 1In

the case where the proportion of the carboxylic acid
contained is less than 0.1% by weight, the imidazole
compound cannot be sufficiently solubilized. In the case
where the proportion is more than 50% by weight, the
agent cost of the carboxylic acid increases and thus the
case is not preferred.

[0044]

In carrying out the invention, a conventionally
known organic acid, inorganic acid, or organic solvent
may be used as a solubilizing agent in combination with
the carboxylic acid compound.

Representative examples of the organic acid to be
used include formic acid, acetic acid, propionic acid,
butyric acid, glyoxylic acid, pyruvic acid, acetoacetic
acid, levulinic acid, heptanoic acid, caprylic acid,
capric acid, lauric acid, glycolic acid, glyceric acid,
lactic acid, acrylic acid, benzoic acid, p-nitrobenzoic
acid, p-toluenesulfonic acid, salicylic acid, picric acid,

oxalic acid, succinic acid, maleic acid, fumaric acid,
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Al so, after performng the surface treatnment according to the invention, it
is possible to further enhance the heat resistance by formng a double
structure on the chem cal layer with a thernoplastic resin. That is, after
form ng the chem cal |ayer on the surface of the netal conductive |ayer, a
doubl e structure of the chem cal |ayer and a thernoplastic resin may be
formed by dissolving a thernoplastic resin having excellent heat

resi st anceanttardic reaylde aodpadioiofaaidr osnd deampdeisvefsudle as rosin or a
rosin ester, a terpene resin derivative such as a terpene resin or a

terpene pherglgareid acad hydeoaaeberdreynl ctich #5i@p pabefaldra ygiatar bon
resin or an aliphatic hydrocarbon resin, or a mxture thereof, in a solvent

such as tQiehfhic &idWd, aeed al £y r P& &é?g[opyl al cohol and uniformy applying
the solution so as to be a thickness of 1 to 30 Won the chem cal |ayer

using ar H04 ater or the like. [0051] The sol dering nmethod of the
i nvention ‘can be adapted to the flow sol dering nmethod which conprises 26

noving a printed ﬁﬁrin%éb% rd over a nolten quﬂ%d-state sol der in a sol der
bath to sol der j&hcliro ST AT 2 AT par RS EB2Y nBSpri nted wiri ng
board and the reflow soldering nethod which conprises printing in advance
a paste crsihisviaferlOres el ephet 2dSWeRi g Behhanodecetdiang o a@%kir cui t

pattern, nounting electronic parts thereon, and heating the whole printed
Wi ring bodrabpgmppyl alcohol; or acetone, N,N-dimethylformamide,

ethylene glycol, and the like, which are freely miscible
with water.
[0046]

To the water-soluble preflux of the invention, a
copper compound may be added in order to accelerate a
formation rate of the chemical layer on the surface of
the metal conductive part and a zinc compound may be
added in order to further enhance heat resistance of the
chemical layer formed.

Representative examples of the above copper
compound include copper acetate, cuprous chloride, cupric
chloride, cuprous bromide, cupric bromide, copper iodide,
copper hydroxide, copper phosphate, copper sulfate, and
copper nitrate, and the like; and representative examples
of the zinc compound include zinc oxide, zinc formate,
zinc acetate, zinc oxalate, zinc lactate, zinc citrate,
zinc sulfate, zinc nitrate, zinc phosphate, and the like.

Any of the metal compounds may be added in a proportion
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melt the solder to conplete the soldering. [0052] As the solder which is
suitable for soldering according to the invention, there may be nentioned
not only generally used tin-lead alloy eutectic solders but also |ead-free
sol ders such as Sn-Ag-Cu based, Sn-Ag-Bi based, Sn-Bi based, Sn-Ag-Bi-In
based, Sn-Zn based, and Sn-Cu based sol ders. Exanples [0053] The
followng will specifically describe the invention with reference to
Exanpl es anfl foompadabilveo ER&nplyewehwhti,t pstedidmhnlgt depropsttiuen ohat the
invention is limted thereto. Incidentally, the imdazol e conpounds,

carboxyl i cfr&si 0. c@npoupgsbyandighal dat ittre Reldwmdssalogsl ¢ npfxabpkes and
Conparative Exanples are as follows. 27 [0054] [Im dazol e conpounds]

2- Undecyl i ppgazpl e (a trade nane: Cl1Z, manufactured by Shi koku Chemicals
Cor poration) 2-Phenylimdazole (a trade nane: 2PZ, manufactured by Shi koku

Chem cal s Cor por gﬂ E{)}Leu %}g%e@%%géégﬁéﬂyg' %ﬂ?é?' %ogn?)oﬁfn%p%rn%c 2PAME,

manuf actured by St I's poratio . .

2 e 43 Sigheh oL SRSV LT, daadle LHOISSIE 1 A95OLAL ' 8t 1
the water-soluble preflux by adding a substance having a
buffer action, such as ammonia or an amine such as
monoethanolamine, diethanolamine, or triethanolamine into
the water-soluble preflux.

[0048]

In order to further enhance the formation rate of
the chemical layer and the heat resistance of the layer,
a halogen compound may be added in a proportion of from
0.001 to 1% by weight, preferably a proportion of from
0.01 to 0.5% by weight into the water-soluble preflux of
the invention. Examples of the halogen compound include
sodium fluoride, potassium fluoride, ammonium fluoride,
sodium chloride, potassium chloride, ammonium chloride,
sodium bromide, potassium bromide, ammonium bromide,
sodium iodide, potassium iodide, and ammonium iodide.
[0049]

With respect to the conditions for treating the
surface of the metal conductive part of the printed

wiring board using the water-soluble preflux of the

invention, the liquid temperature of the water-soluble
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2- Phenyl - 4- (2- napht hyl ) - 5- met hyl i m dazol e (synthesized according to the
net hod of Reference Exanple 1) 2-Phenyl-4-(2-naphthyl)im dazol e
(synthesi zed according to the nethod of Reference Exanple 2)

2- Benzyl - 4-net hyl i m dazol e (manufactured by Poly O ganix)

2- Nonyl benzi m dazol e (a reagent, manufactured by SI GVA- ALDRI CH)

2- (4-chl or ophenyl net hyl ) benzi m dazol e (synthesi zed according to the nethod
as descri Ipaekfilm:Sci s noee T ralSynt fiesins10 Vob. 70%;, pan828hé20081pct

2- (1 - napht hyl ) met hyl benzi m dazol e (synt hesi zed according to the nethod as
descri bed timeBiiec pard foatalbhyar ivco| bgyecoivdl to36) mindEes(.1984 )tHeO055] 28
Ref erence Exanple 1 (Synthetic nethod of 2-Phenyl -4-(2-naphthyl)-5-

met hyl i m daz@l St Benza di tee Ry dn@e hber hdft aBHean e Pwiimy ,arspitintg, of

sodi um et hyl ate were heated under reflux in tetrahydrofuran for 1 hour.

After coogdgkié%itéﬁgéﬁﬁgqukggﬁegggag[on of an equi nol ar amount of 2-
pht ed i

br ono- 2' - propi o one was ad ropwi se thereto so that the tenperature
di d not eggﬁgﬂnsoc, and then an equinol ar anount of sodi um net hyl ate was
further added, ” foll owed by heating under ref lux for 1 hour. After renoval

of the sol vent bx distillation under, redyced
lso, after performing the surface treatment

according to the invention, it is possible to further
enhance the heat resistance by forming a double structure
on the chemical layer with a thermoplastic resin.

That is, after forming the chemical layer on the
surface of the metal conductive layer, a double structure
of the chemical layer and a thermoplastic resin may be
formed by dissolving a thermoplastic resin having
excellent heat resistance, which may be composed of a
rosin derivative such as rosin or a rosin ester, a
terpene resin derivative such as a terpene resin or a
terpene phenol resin, a hydrocarbon resin such as an
aromatic hydrocarbon resin or an aliphatic hydrocarbon
resin, or a mixture thereof, in a solvent such as toluene,
ethyl acetate, or isopropyl alcohol and uniformly
applying the solution so as to be a thickness of 1 to 30
um on the chemical layer using a roll coater or the like.
[0051]

The soldering method of the invention can be

adapted to the flow soldering method which comprises
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pressure, the residue was washed with water and subjected to
recrystallization fromacetonitrile to obtain grayish blue crystals. [0056]
Ref erence Exanple 2 (Synthetic nethod of 2-Phenyl-4-(2-naphthyl)im dazol e)
Benzam di ne hydrochl ori de and an equi nol ar anount of sodi um et hyl ate were
heated under reflux in tetrahydrofuran for 1 hour. After cooling, a

t et rahydrof uran sol ution of an equi nolar ambunt of m bronp-2-acet onapht hone
was added rpobw s pherted wbrihgt boakd vaegeramald afi dlimuidxseate 30C, and
then an equi nol ar anount of sodium nmethyl ate was further added, followed by
29 heati ngsabdler iwefduxolderlbhohr toAbbédderenmnalt iafind Meetwadvent by
distillation under reduced pressure, the residue was washed with water and
subj ect ed dDect £6AYSt BhttZabhantheoprageicanitiningg b4 add gfleyi sh bl ue
crystals. [0057] (Carboxylic acid conpounds) 2-Ethoxyacetic acid (a
reagent, npohg t I L DRl CH, i ; qg?pgynd A)
2-(2-nethoxye{ﬁ§x§§gg%?¥%§é§??h?§bgﬁé&ﬁafgﬁﬁggxfgi ouﬁgn'

2-[2-(2-et hoxyet hoxy. X ti i.d _(ahbrevyi d . )

2 (212 (2 SINESS ot TSy T Kb ST RSy shoime” Bl ted S T W&

Xy J et hoxy aceti

according to a circuit pattern, mounting electronic parts
thereon, and heating the whole printed wiring board to

- melt the solder to complete the soldering.
[0052]

As the solder which is suitable for soldering
according to the invention, there may be mentioned not
only generally used tin-lead alloy eutectic solders but
also lead-free solders such as Sn-Ag-Cu based, Sn-Ag-Bi
based, Sn-Bi based, Sn-Ag-Bi-In based, Sn-Zn based, and

Sn-Cu based solders.

Examples
[00531]

The following will specifically describe the
invention with reference to Examples and Comparative
Examples but it should not be construed that the
invention is limited thereto.

Incidentally, the imidazole compounds, carboxylic
acid compounds, and evaluation methods used in Examples

and Comparative Examples are as follows.
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(abbreviated as Conpound D) 2-(2-nethoxy-I|-nethyl ethoxy)acetic acid
(abbreviated as Conpound E)

2-[ 2- (2- propoxy-| - net hyl et hoxy) - 1- met hyl et hoxy] acetic acid (abbreviated as
Conpound F) 2-{2-[2-(2-butoxy-I|-methyl ethoxy)-1-nethyl et hoxy] - 1-

met hyl et hoxy}acetic acid (abbreviated as Conpound G 3-Et hoxypropionic acid
(abbrevi at ed as Conpound H) 3-(2- met hoxyet hoxy) ) propi oni ¢ acid

(abbrevi at[@d58y Compound 1) 3-(2-net hoxy-1-net hyl et hoxy) propi onic acid
(abbreviated 30 as Conpound J) 3-[2-(2-nethoxyet hoxy) et hoxy] propionic acid

(abbrevi atjgehi @S WdsB-{2-[ 2- (2- et hoxyet hoxy) et hoxy]
et hoxy} propi onic acid abbrevi ated as Conpound L) Conpounds B to G were

synt hesi 2gd,LopaRRgAdaNGR cdid M her S Nodhas dpsgr | pedtaciukagakn. Vol

32, p. 11 ~Compounc were synthesfzed In accordance mﬁEh
and "or | FaH ARt R i PSRN O U S patent No. 2280702". In this
O O5s] » PrRbReYIimidazore (a Frads Tame: 28h, ‘mantractured by " 100 ©

Shikoku Chemicals Corporation)

e 2~Phenyl-4-methylimidazole (a trade name: 2P4MZ,

manufactured by Shikoku Chemicals Corporation)

e 2-Phenyl-4-(3,4-dichlorophenyl)imidazole (synthesized

according to the method as described in JP-A-2005-104878)

¢ 2-Phenyl-4-(2-naphthyl)-5-methylimidazole (synthesized

according to the method of Reference Example 1)

e 2-Phenyl-4-(2-naphthyl)imidazole (synthesized according

to the method of Reference Example 2)

e 2-Benzyl-4-methylimidazole (manufactured by Poly

Organix)

e 2-Nonylbenzimidazole (a reagent, manufactured by SIGMA-

ALDRICH)

e 2-(4-chlorophenylmethyl)benzimidazole (synthesized

according to the method as described in Science of

Synthesis, Vol. 12, p. 529 (2002))

e 2-(l-naphthyl)methylbenzimidazole (synthesized according
to the method as described in Biochemical Pharmacology,
Vol. 36, p. 463 (1987))

[0055]
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31 Conpound A C2H5- O- CH2000H CH3 - O CH2-CH -0 - CH2000H Conpound B 1 / H

Compound C C2H5-O0 {-CH - i H-O tCH2COOH I\ Conmpound D C2H5-0 CH2 -CH -0
j _cH2cooHH 3 CH3 -OCH2-CH -0 -CH2COOH Conpound E I CH3 Conpound F
n-C3H7-0 CH2-CH -0 }' | CH2000H CH3 2 Compound G n-CAHO-O CH2 - i H -0

CH2000H CH3 3 Conpound H C2H5- O- CH2CH2COOH CH3 -O- CH2 -CH - O - CH2CH2000H

Compound I H CH3 -O-CH2- i CH -0 -CH2CH2000H Conpound J CH3 Conpound K

CH3- O CH2-K3{ e et GH2EKR@ODR 1Conpound L C2H5 O CH2-CH -0 t CH2CH2COOH 32

[ 0059] Reference Exanple 3 (Solubilization test of im dazol e conpounds)
(Synthetic method of 2-Phenyl-4-(2-naphthyl)-5-

methylimidazole)

Benzamidine hydrochloride and an equimolar amount
of sodium methylate were heated under reflux in
tetrahydrofuran for 1 hour. After cooling, a
tetrahydrofuran solution of an equimolar amount of 2-
bromo-2'-propionaphthone was added dropwise thereto so
that the temperature did not exceed 30°C, and then an
equimolar amount of sodium methylate was further added,
followed by heating under reflux for 1 hour. After
removal of the solvent by distillation under reduced
pressure, the residue was washed with water and subjected
to recrystallization from acetonitrile to obtain grayish
blue crystals.

[0056]
Reference Example 2
(Synthetic method of 2-Phenyl-4-(2-naphthyl)imidazole)

Benzamidine hydrochloride and an equimolar amount
of sodium methylate were heated under reflux in
tetrahydrofuran for 1 hour. After cooling, a
tetrahydrofuran solution of an equimolar amount of o-
bromo-2-acetonaphthone was added dropwise thereto so that
the temperature did not exceed 30°C, and then an equimolar

amount of sodium methylate was further added, followed by
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After 0.20 g of 2-pheny-(3,4- dichlorophenyl)imdazole was dissolved in 2.0
g of the <carboxylic acid conpound for use in the invention, there was
measured an anount of water required until the solution becanme clouded when
i on- exchange water was added. The | arger anmount of water is judged to be
nore excellent in imdazole conmpound-solubilization performance of the
carboxylic acid conpound. The obtained test results are as shown in Tables 2
to 4. It ilscaetmgnzddrt hatlaxcliem dahosirr.ucufite mireammval anf attkexy group
(R -0O) and a carboxynethyl group ( CH2COCOH) or a carboxyethyl group

(- C2HACOOH oiveonbiynedstvil daafioal kyldere reiduete X aids (ukd2 GH{&R2) - 0-)
enhances the i m dazol e conpound-solubilization performance. [0060] |[Table

2] Carboxyld&i @gé dyg9MpRayRddAIRURL vk Waleld ad@edddd t&- Et hoxyacetic acid
3.3 Conmpound C 3.6 [0061] [Table 3] 33 Carboxylic acid conpound Anount of

e et P PP PR TMC S LR LTI, Gy ek 0002] [Tabi e
blue crystals.
[0057]
(Carboxylic acid compounds)
e 2-Ethoxyacetic acid (a reagent, manufactured by SIGMA-
ALDRICH, abbreviated as Compound A)
e 2-(2-methoxyethoxy)acetic acid (abbreviated as Compound
B)
e 2-[2-(2-ethoxyethoxy)ethoxylacetic acid (abbreviated as
Compound C)
o 2-{2-[2-(2-ethoxyethoxy)ethoxylethoxylacetic acid
(abbreviated as Compound D)
o 2-(2-methoxy-l-methylethoxy)acetic acid (abbreviated as
Compound E)
e 2-[2-(2-propoxy-l-methylethoxy)-1l-methylethoxy]acetic
acid (abbreviated as Compound F)
e 2-{2-[2-(2-butoxy-l-methylethoxy)-1l-methylethoxy]-1-
methylethoxylacetic acid (abbreviated as Compound G)
e 3-Ethoxypropionic acid (abbreviated as Compound H)
e 3-(2-methoxyethoxy)propionic acid (abbreviated as

Compound I)

e 3-(2-methoxy-l-methylethoxy)propionic acid (abbreviated
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2- (n-Butoxy)acetic acid 1.0 Conpound G 2.0 [0063] (Evaluation test for
solder flowup rate properties) A printed wiring board nmade of a gl ass epoxy
resin of 120 mm (length) x 150 mm (width) x 1.6 nm (thickness) and havi ng
300 copper through-holes having an inner dianeter of 0.80 mmwas used as a
test piece. This test piece was degreased, subjected to soft etching, and
then washed with water. Thereafter, the test piece was dipped in a

wat er - sol @sl €oppefungk Kept at a prescribed liquid tenperature for a

prescri bed period of time, washed with water, and then dried to forma
cheni cal leager] 2hqRi-ig thoxyd ttingsse ttioty it @pDoh i 6. 48180 (Bbbeemiam edhe
copper surface. The surface-treated test piece was subjected to three

cycl es of geefdowdigat ikng in which the peak 34 tenperature was 240C using an
infrared refl ow device (trade name: MJILTI-PRO 306, manufactured by Vetronix

Co., Ltd,) 32 b t $9| fl.aw sol deri ng
devi ce (convegor gngd%&%4f§ é%?)%ﬁb@%% derégggggmgﬁbﬂlglﬁcﬁgad eutectic
sol der mnth 0 0s t 6 t and 37% | ead (% by wei ght) (trade

namne: H63A h%ﬁﬁ%?a J%éi %% éﬁghgfa | ndustry Co. Ltd ), and the flux

used for sol deripg pﬁﬂgr\%g;%g%gcg (B actdred DY, Kpki , Qo oltd) . The
with the method as described in “Yukagaku, Vol. 32, p.
118 (1983)”
Compounds H to L were synthesized in accordance
with the methods as described in “J. Am. Chem. Soc., Vol.
70, p. 1333 (1948)” and “British Patent No. 544421”
and/or “U. S. Patent No. 2280792".
In this regard, the structural formulae of
Compounds A to L are as shown in Table 1.
[0058]

[Table 1]
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A test piece surface treated as above was also soldered using a | ead-free
solder in the sanme manner as in the case of the tin-lead eutectic sol der.
The sol der used was a | ead-free solder (trade name: H705 "ECOSOLCER',

manuf actured by Senju Metal Industry Co., Ltd.) with a conposition of 96.5%
tin, 3.0%silver and 0.5% copper (% by weight), and the flux used for

sol dering[was JS-E-0Y (nanuf actured by Roki Co., Ltd.). [the reflow heating
peak tenpeg¢rature was |245C, and the sol dering tenperature [was al so 245C. For
t he sol def eGompatind A gce, t he neureerO-ofCHER@dgh- hol es in hich the sol der
was fille@ up to the |upper land of the copper through-ho|les was counted and
t he proporH—+er—349 L.eresﬁﬁm—t—h—ﬁes-peet—t—e—t—he—t—e-t—a—n-uﬁ%mr of copper
t hrough-hol es (300 hgl es) s cal cul at 5 e sol fder wettability on
the coppel ebmpasd B i|s Iar\gg" tﬁe #{'ﬂ eén s%l d\e/gr]'?g(e)hgtrates into the inside
of the copper throudh-hole and readlljr,fllls it to the upper land of the
through-hele. Nanely,| when the nunber of through-holes whose upper |ands
were sol dg¢red is Iarge, sol der ttability {o the copper|my be judged to
be excellle 8{) Eﬁﬂ' derabiCIzﬁlst-yO e et-&Hrap H6888d to pe good. [0064]
(Eval uati ¢n"te F solder spreadabi lilty) Ajprinted wirihg board nmade of a
gl ass epoxy resin 50 mm (Il ength) x 50 width) x 1. mm (thickness)
was
Gompound D CZH5—O-(CH2 —(i,H —o0 jrCHzCOOH
H 3
c JE CH3 —O—CH; —CH — O —CH,COOH
ompoun
CH3
- — —CH—O
Compound F n-CsHy o~<CH2 C|>H j—cr—uzcow
CH3 2
-C4Hg—O-~CH, —CH — O —-CH,COOH
Compound G n-CaHo -< 2 | 7 2
CHj 3
Compound H C,Hs—O—CH,CH,COOH
ompoun
H
Compound J CH3 —O—CH,; —CH —O —CH,CH,COOH
CHs
—O0+f~CH; —CH —0 \~CH,CH,COOH
Compound K CHs t ] j- e
H 2
C,Hs—O~CH; —CH —O —-CH,CH,COOH
Compound L 2Mls ‘<7 2 | 7 2vrz
H 3
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used as a test piece. This printed wiring board had a circuit pattern in
whi ch 10 pieces of a copper foiled circuit wwth a wwdth of 0.80 mmand a

|l ength of 20 nm were formed in a width direction at intervals of 1.0 mm
The test piece was degreased, subjected to soft etching, and then washed
with water. Thereafter, the test piece was dipped in a water-sol uble
preflux kept at a prescribed liquid tenperature for a prescribed period of
time, washEtP¥?th water, and then dried to forma chemical |ayer having a
t hi ckness of fromabout 0.10 to 0.50 mon the copper surface. The
surface-t rRaferehtestEparepeewds subjected to one cycle of reflowheating in
whi ch the peak tenperature was 36 240C using an infrared refl ow device
(trade nangsoMBil 1 zE8RB06estaBEf agtdaed 1By cMaipormias)Co., Ltd.). Thereafter
a tin-lead solder paste was printed on the center of the copper circuits

using a netal mageQfy b 2dmg a@gri%@%ngj_@g?ger and 150 mmt hi ckness, and
t

refl owheating was conducted under e above-described conditions to

perform sol ing.. T i N3 o] r t n. eutectic sol der
(trade na %%%%E]ﬁ%ggil%{aiéfg%g%nhggcgt%%%&%gy%ggrﬂm?'hit%lofnt ust ry Co.,
Ltd.) conmposed of,63%¢tin and 37% | ead (% b ight). A test piece surface
treated asc%lﬂ%‘?/}éyinbg afid cepPaepdd Qg H%eall)r/‘e\gg‘-ef rjéé’esqﬁ]o‘?-:pr' pastE®in the

same manner as in the case of the tin-lead sol der paste. The |ead-free
sol der pasias useswesdaanealiorpEeofoW@éer required until the

solution became clouded when ion-exchange water was added.
The larger amount of water is judged to be more excellent
in imidazole compound-solubilization performance of the
carboxylic acid compound.

The obtained test results are as shown in Tables 2
to 4. It is recognized that a chemical structure wherein
an alkoxy group (R'-0-) and a carboxymethyl group (-
CH,COOH) or a carboxyethyl group (-C,H4COOH) is combined
via an alkylene ether chain (-CH,CH (R?) -0~) enhances the

imidazole compound-solubilization performance.

[0060]
[Table 2]
Carboxylic acid compound Amount of water added (ml)
2-Ethoxyacetic acid 3.3
Compound C 3.6
[0061]
[Table 3]
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conposed of 96.5%tin, 3.0%silver and 0.5% copper (% by weight) (trade
name: M/05-221BMb-42-11, manufactured by Senju Metal Industry Co., Ltd.).
The peak tenperature of reflow heating attained before and after the sol der
paste printing was set to 245C. The length (mm) of the sol der which wetted
and spread over the surface of the copper circuit of the obtained test

pi ece was freastred—Wren—thetengtth—stonger—sotder—wettabirt+ty—to—t he

copper may be.J4dagd {0 b xoghl el SRhUSt ABE!LLYcEharka M) oo
| I = = vnuoToyrirhmruueul Ry u|rr T ety

B AR ASA-AC D I T AL SN S

compound, | ethoxyacetic acid as a sol ubi|lizing agent, .,copper acetate ;
metal sal t, Q%Héﬁ?%ﬁggQﬁilﬁ&%&iﬁe§%$ga_hangen__cgnpoﬁht£MELe_dLssoL¥ed
e
h

(@}

i on- exchamnge water so as to_ achieve thg conposition described in Tab
respectively and sulf<QRRRIHIAVEt he solutilon was adjustettOto pH 3 7 wit
ammoni a water, whereby a water-soluble preflux was prepared. Then, a test
pi ece of the printed wiring board was dipped in the water-sol uble preflux
whose tenp@ﬂgiﬁte was controlled to 40C. Thereafter, the test piece was
washed an T'ed, and the solder flowup rate properties and sol der
spreadamlgéggfgrf]neasured. These test results are shown in Table 5

Carboxylic acid compound Amount of water added (ml)
2-(n-Butoxy)acetic acid 1.0
Compound G 2.0
[0063]

(Evaluation test for solder flow-up rate properties)

A printed wiring board made of a glass epoxy resin
of 120 mm (length) x 150 mm (width) x 1.6 mm (thickness)
and having 300 copper through-holes having an inner
diameter of 0.80 mm was used as a test piece. This test
piece was degreased, subjected to soft etching, and then
washed with water. Thereafter, the test piece was dipped
in a water-soluble preflux kept at a prescribed liquid
temperature for a prescribed period of time, washed with
water, and then dried to form a chemical layer having a
thickness of from about 0.10 to 0.50 pum on the copper
surface.

The surface-treated test piece was subjected to

three cycles of reflow-heating in which the peak
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[0066] Exanples 2 to 16 Each water-sol uble preflux having a conposition as
described in Table 5 was prepared in the sanme manner as in Exanple 1 and
subjected to a surface treatnment under the treatnent conditions as
described in Table 5. Then, the evaluation tests were perforned. The
obtained test results are shown in Table 5. 38 fO NO OO GN U N1 O
) CO N NUW U OO Nu7 r ~t0 ONU) OU U cli

temperature was 240°C using an infrared reflow device

(trade name: MULTI-PRO-306, manufactured by Vetronix Co.,

Ltd.) and subsequently soldering was performed with a

flow soldering device (conveyor speed: 1.0 m/min).

The solder used was a tin-lead eutectic solder with

a composition of 63% tin and 37% lead (% by weight)

(trade name: H63A, manufactured by Senju Metal Industry

Co., Ltd.), and the flux used for soldering was JS-64MSS

(manufactured by Koki Co., Ltd.). The soldering

temperature was 240°C.

A test piece surface treated as above was also

soldered using a lead-free solder in the same manner as

in the case of the tin-lead eutectic solder. The solder

used was a lead-free solder (trade name: H705 “ECOSOLCER”,

manufactured by Senju Metal Industry Co., Ltd.) with a

composition of 96.5% tin, 3.0% silver and 0.5% copper (%

by weight), and the flux used for soldering was JS-E-09

(manufactured by Koki Co., Ltd.). The reflow-heating

peak temperature was 245°C, and the soldering temperature

was also 245°C.

For the soldered test piece, the number of through-
holes in which the solder was filled up to the upper land
of the copper through-holes was counted and the
proportion (%) thereof with respect to the total number

of copper through-holes (300 holes) was calculated.
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When the solder wettability on the copper surface
is large, the molten solder penetrates into the inside of
the'copper through-hole and readily fills it to the upper
land of the through-hole. Namely, when the number of
through-holes whose upper lands were soldered is large,
solder wettability to the copper may be judged to be
excellent and solderability thereto may be judged to be
good.

[0064]
(Evaluation test for solder spreadability)

A printed wiring board made of a glass epoxy resin
of 50 mm (length) x 50 mm (width) x 1.2 mm (thickness) was
used as a test piece. This printed wiring board had a
circuit pattern in which 10 pieces of a copper foiled
circuit with a width of 0.80 mm and a length of 20 mm
were formed in a width direction at intervals of 1.0 mm.
The test piece was degreased, subjected to soft etching,
and then washed with water. Thereafter, the test piece
was dipped in a water-soluble preflux kept at a
prescribed liquid temperature for a prescribed period of
time, washed with water, and then dried to form a
chemical layer having a thickness of from about 0.10 to
0.50 pm on the copper surface.

The surface-treated test piece was subjected to one

cycle of reflow-heating in which the peak temperature was
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a tin-lead solder paste was printed on the center of the
copper circuits using a metal mask of 1.2 mm aperture
diameter and 150 mm thickness, and reflow-heating was
conducted under the above-described conditions to perform
soldering. The tin-lead solder paste used was an
eutectic solder (trade name: 07Z-63-330F-40-10,
manufactured by Senju Metal Industry Co., Ltd.) composed
of 63% tin and 37% lead (% by weight).

A test piece surface treated as above was also
soldered using a lead-free solder paste in the same
manner as in the case of the tin-lead solder paste. The
lead-free solder paste used was a lead-free solder
composed of 96.5% tin, 3.0% silver and 0.5% copper (% by
weight) (trade name: M705-221BM5-42-11, manufactured by
Senju Metal Industry Co., Ltd.). The peak temperature of
reflow-heating attained before and after the solder paste
printing was set to 245°C.

The length (mm) of the solder which wetted and
spread over the surface of the copper circuit of the
obtained test piece was measured.

When the length is longer, solder wettability to
the copper may be judged to be excellent and

solderability thereto may be judged to be good.
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Example 1

2-Undecylimidazole as an imidazole compound,
ethoxyacetic acid as a solubilizing agent, copper acetate
as a metal salt, and ammonium chloride as a halogen
compound were dissolved in ion-exchange water so as to
achieve the composition described in Table 5,
respectively and subsequently the solution was adjusted
to pH 3.7 with ammonia water, whereby a water-soluble
preflux was prepared.

Then, a test piece of the printed wiring board was
dipped in the water-soluble preflux whose temperature was
controlled to 40°C. Thereafter, the test piece was washed
and dried, and the solder flow-up rate properties and
solder spreadability were measured. These test results
are shown in Table 5.

[0066]
Examples 2 to 16

Each water-soluble preflux having a composition as
described in Table 5 was prepared in the same manner as
in Example 1 and subjected to a surface treatment under
the treatment conditions as described in Table 5. Then,
the evaluation tests were performed. The obtained test

results are shown in Table 5.
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Comparative Examples 1 to 11

Each water-soluble preflux having a composition as
described in Table 6 was prepared in the same manner as
in Example 1 and subjected to a surface treatment under
treating conditions as described in Table 6. Then, the
evaluation tests were performed. The obtained test

results are shown in Table 6.
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M. Q@d<CL 017 >~ COU Mw 43 [0070] According to the test results as shown
in Table 5 and Table 6, it is recognized that in the case where the

surface treatnment was perfornmed using the water-soluble 5 preflux
cont ai ni ng each of Conpounds A to L as a solubilizing agent and then

sol dering pag7perforned using an eutectic solder or a |lead-free solder, the
solder flowup rate properties and sol der spreadablllty are greatly

| mproved as conmpa{ed, Wi t@@ 14:Ch t%'e%%lgi% %r 'E'h vﬂf?'fh Of5)3C&t4 ¢ acid as

a solubilizing agent, regardless o t he azol e conpounds.

I nci dent al | wa qubIe reflu epar anpl es h no odor
but the wets- LEFAE! 67 pio fixee B b ar it %‘15%%%6%65% et er Psti c
irritating 15 odor caused by evaporatlon of acetic acid or formc acid.
[0071] Wi Perfaeei AVEALIER th¥e ShEST IRIRed PN G e ¥R EeBRACWPher ef er ence
to specific enbodinments thereof, it wll be apparent to one skilled in the
art that vgreﬁhsngoohangégga@@cﬂmmﬁ iCamp e adh e hade &herein without

departing fromthe intention and scope thereof.
solubilizing agent and then soldering was performed using

an eutectic solder or a lead-free solder, the solder
flow-up rate properties and solder spreadability are
greatly improved as compared with the case of using
10 formic acid or acetic acid as a solubilizing agent,
regardless of the kind of imidazole compounds.

Incidentally, the water-soluble prefluxes prepared
in Examples had no odor but the water-soluble prefluxes
of Comparative Examples had characteristic irritating

15 odor caused by evaporation of acetic acid or formic acid.
[0071]

While the invention has been described in detail
and with reference to specific embodiments thereof, it
will be apparent to one skilled in the art that various

20 changes and modifications can be made therein without
departing from the intention and scope thereof.

The present application is based on Japanese Patent
Application No. 2005-150279 filed on May 24, 2005 and
Japanese Patent Application No. 2005-355985 filed on

25 December 9, 2005, and the contents are incorporated
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The present application is based on Japanese Patent Application No.

2005- 150279 filed on May 24, 2005 and Japanese Patent Application No.

2005- 355985 filed on 25 Decenber 9, 2005, and the contents are incorporated
44 herein by reference. Industrial Applicability [0072] 5 Since the

wat er - sol ubl e preflux of the invention contains a |owvolatile carboxylic
acid conpound as a solubilizing agent for im dazole conpounds, it is
possi bl e t BEERABI DYEPALEPRCENhe concentration of the sol ubilizing agent in
the water-soluble preflux and no 10 bad odor is generated. Mbreover, as
conpared with the case where formc acid or acetic acid is used as a

sol ubilizing agent, an excellent filmformng property of the im dazole
conpound candbetbialighppdutabAddandi ng to the surface treatnent nethod of
the 15 invention, a chem cal |ayer can be forned on the surface of a netal
conductive[parp)and hence oxidation of the surface of the netal conductive
part can be prevented. \Wien the printed wiring board of the invention is

used sthe bondi ngsfiptueen. | e gpLab16BTAUELLYS RAr AL ZR&lerigoni c part s

can be securely performed by soldering. According to ering net hod of

the invention, _.oxidation of the surface of. the nmetal condyctive part can
be pr event B AR ReRcdOPhd At BT et ba T Beaa 435 =

solubilizing agent for imidazole compounds, it is
possible to stably maintain the concentration of the
solubilizing agent in the water-soluble preflux and no
10 bad odor is generated. Moreover, as compared with the
case where formic acid or acetic acid is used as a
solubilizing agent, an excellent film-forming property of
the imidazole compound can be brought out.
According to the surface treatment method of the
15 invention, a chemical layer can be formed on the surface
of a metal conductive part and hence oxidation of the
surface of the metal conductive part can be prevented.
When the printed wiring board of the invention is
used, the bonding between the metal conductive part and
20 electronic parts can be securely performed by soldering.
According to the soldering method of the invention,
oxidation of the surface of the metal conductive part can

be prevented and hence the solderability can be made good.
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Clains 1. A water-soluble preflux conprising 0.01 to 10% by wei ght of an

i m dazol e conpound and 0.1 to 50% by wei ght of a carboxylic acid conpound
having 4 to 16 carbon atonms represented by the following formula 1:
[Formula 1] R-OfCH2- i HOCH2 COOH R2 m wherein R represents a linear
or branched al kyl group having 1 to 4 carbon atons, R2 represents a
hydrogen atomor a nmethyl group, mdgeRigsents an integer of 0 to 3, and n
represents 1 or 2. 2. A surface treatnment nethod for a nmetal conductive
part, which conprises bringing the surface of the netal conductive part
into contact wwth the water-soluble preflux according toclaiml. 3. A
printed wiring_board, wherein-t surface of a netal conductive,part has
been brought into c twfgtervﬁstof]iu%?ﬁep%&?g ?SSPWBF&:S&P@H u@qaggo\rigfng’yto claim
1. -4. A splideid R Bl hothgadhyieh ingeanbr iondi ’G e psuidaedtobra netal
conductive part into contact wwth the water-soluble preflux according to
claim1 ared thehoxpeiforadiny solgenndg.hatbing 4 to 16 carbon atoms

represented by the following formula 1:

[Formula 1]

R!'—0 CHz—?H—O‘ ¢ CH,9—COOH
R? )
m

wherein R® represents a linear or branched alkyl group
having 1 to 4 carbon atoms, R® represents a hydrogen atom or
a methyl group, m represents an integer of 0 to 3, and n

represents 1 or 2.

2. A surface treatment method for a metal conductive
part, which comprises bringing the surface of the metal
conductive part into contact with the water-soluble preflux

according to claim 1.

3, A printed wiring board, wherein the surface of a
metal conductive part has been brought into contact with

the water-soluble preflux according to claim 1.

4, A soldering method, which comprises bringing the
surface of a metal conductive part into contact with the
water-soluble preflux according to claim 1 and then

performing soldering.
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