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 doubl e-sided surface mnount technology in which chip
type parts are joined with use qf sol.der paste, and hybrid nount technol ogy
which is a conbination of surfa@SSﬁﬁﬁﬁ lPE}chnology of chip type parts
usi ng sol der paste and through-hole nmount technology of discrete parts. In
ei ther nmount process, a printed wiring board is subjected to two or nore
sol dering steps, and thus it is exposed to hi erature resulting in a
severe thermal HVATBRYSOMYBRE; BREFLUXoRNEe USi %1Qﬁ' K 6iiME 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 thus the surface of the conductive part cannot maintain good

sol der abirkchyical Field

[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. 1In 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
conductive part has a thermal history of multiple cycles. [0004] Since an
i m dazol e conpound has an excellent film form ng property, as such surface
t reati ngh&géAng, tha detxlol U agh B F uxRRPE BNt Ai ﬁpﬁgeyaﬁilﬁwfi fitdazol e
conpounds have been proposed. For exanple, Patent Docunents 1 to 4

di scl ose s2latekyldfiviadansdial corrpburiosve uedr tisconahdeuying dheol e,

2-arylim dazol e conpounds such as 2- phenylim dazol e and

2- phenyl c4rmetilty lpartdazbl s, p2intad & yW beizg nbdazd| eandnmpbusdshsuch as
2-nonyl benzi m dazol e, and 2-aral kyl benzi m dazol e conpounds such as 2-(4 2
chl or ophemyifeich\f) henzidardhzot eve pHOOStahnet daatathyn goee an im dazol e
conpound is generally hardly soluble in water, it is necessary to dissolve
it in wate désiard 1% & sol ubilizing agent an organic acid or an inorganic
acid which forns its water- soluble salt.

[0003]
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
decrease in acid concentration in a water-soluble preflux and the acid
conpounds may invite deterioration of working environnment. [0006] Tin-I|ead
al | oy eufBerirePSEnyeme takle ueni M ¢Rei9le used in the af orenentioned
soldering. In recent years, however, concerns have devel oped that the | ead
cont ai ned000%]t he sol der alloys adversely affects the human body, and thus
the use of lead-free solders is desired. Accordingly, various |ead-free

sol ders are bei hgci8ennwédvyi gatiade RBor iexaigrade |@atdumd sl ders have been
proposed in which a netal such as silver, zinc, bismuth, indium antinony,

or coppegengradded Hardl hassl urEtal infwatéen, ahtl aspaetebbBakgoftc s put into
practical use. [0007] The conventionally used tin-lead alloy eutectic

sol ders @rgseicRl lientid Ryavedd abdidd Ya®nat He1 syt f agengf agenteldl such as
copper, a copper alloy, or silver of a netal conducfivé part, and thus
StronglyOQ%@ﬁygsgeléfg% an inorganic acid which forms its water-

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 for use in preventing oxidation on the surface of a nmetal such as
copper, ? copper alloy, or silver of_ the petal conductive part is also

requi r ed JRTSRIIE Gt | FRE FOFRTRLT ovt $39T hESCWRPLEBFFi P VENPSEA derabil ity
of the |ead-free solder. Mreover, nost of |ead-free solders have a high
mel ting péiomeseshdna wWoldlera metehpevak ure $31¥B6ut Z20Crobismaidut 50C
hi gher than that of the conventionally used tin-lead eutectic solders.
Thus, théngdtuar,- seituliany pref |axpepsr desi addedothagebehe wkarmdctodri stic of
being able to forma chemcal |ayer with excellent heat resistance. [0008]
Pat ent Dadwnmamid kB pHEB-AteAdd@6is Rateninbocpmeoti2allBRsA-.4- 206681 Pat ent
Docunent 3: JP-A-5-25407 Patent Docunent 4: JP-A-5-186888 Disclosure of
t he | nvenioory ]
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 sclders 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, 1t 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
conductive part which conprises bringing the surface into contact with the
above water- soluble preflux. Al so, another object is to provide a printed
wiring 8bpsar §MRehéPherhéhar thes of &heetaanvsHdirna VY page€dhas been
brought into contact with the above water-soluble preflux and a sol dering
met hod wWhierlegdpEeesrg mfliers he Bedacehof watasraplebdgducti ve part into
contact with the above water-soluble preflux and subsequently sol dering the
surf ace. p¥edisixf drs SEsdiney tthe HRroblEne clidtgddfethsbidenft besokve t he
foregoi ng problens, the present inventors nmade extensive and intensive

i nvesti gabilento Avra reestidmiddl hasydeeni flousdcébbéna hearboxylic acid
conmpound having 4 to 16 carbon atons represented by the foll ow ng general
formul a tchastamceexcel l ent performance to solubilize an i m dazol e conmpound

[0008]

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-OCH2-CH 0 {CHZ} COOH RZ m (wherein Rl represents a linear or
branched al kyl group having 1 to 4 carbon atonms, RZ 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 preflux conprising an im dazole conmpound and a carboxylic acid
conpound having 4 to 16 carbon atons represented by the above general
formul a koaxdedmeeimvienti snrfatat e§ somehelwavedusylivie eardr dfdax, which
conprises the imdazole conpound in a proportion of fromO0.01 to 10% by

wei ght arkdrhé aboytet tetrbozxghtscacwithompeuntbove aapropadliurisof from 0.1
to 50%by weight. Athird invention relates to a surface treatnent method

for a netpde Ciondunid ve palder iy CheERORr Wh€8h Bbimpgiike st e isigifage of the
nmetal conductive part into contact with the water-soluble preflux according

to the fiHStsFFSEE0HE & NHEPLL 0BonAubeUkENphRYeRNiteN JoRltalas o printed
W 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(CHz (I)H oj—{CHz-)H-COOH
R? 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 into

contact with the water-sol uble preflux

invention. Afifth invention relates to a soldering nmethod, which
bringing the surface of a nmetal conductive part into contact with

wat er - sol ubl e

performng soldering. Effect of the Invention [0013] Since the

wat er - sol ubl e preflux of the invention
acid conmpound

| ubi i zi t f ,
possibIeofoasF%%W@”n%ﬁﬁ#ﬁ#n%%h%%%g %%%Y?g%?oﬁnﬁ?g?ﬁeO%ggrgﬁPlﬁz@ﬁ&

i m dazol e it

t he wat er-sol ubl e prefl ux g$d no bad odor is generated. Moreover,

conpar ed PWrER e T tSade Hh

according to the first or second

conpri ses
t he

preflux according to the first or second invention and 7 then

contains a lowvolatile carboxylic

IS
agent in
as

© formic acid or acetic acid is used as a

solubilizina agent, an excellent filmformng property of the im dazole

conpound [&&

t he

2Be‘brought out. According to the surface treatnent nmethod of
i nvention, a chemcal |ayer can be forned on the surface of a netal

conducti ve partNamdlienee foxisdatinoendfidarherelsairdsaceo of wdkeenetal conductive

part can be prevented. Wen the printed wiring board of the invention is

used,

t he akdieng deet mee rcdrer et ed @wnttda¥el pacbmpodndelz@et moni ¢ parts

can be securely performed by soldering. According to the soldering method of
the inverbir®dxylic acid compound having 4 to 16 carbon atoms

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
beard, 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



oxi dation of the surface of the netal conductive part can be prevented and
hence the solderability can be made good. 8 Best Mde 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,
aryl i m dazol e conpounds, aral kylim dazol e conpounds, al kyl benzi m dazol e
conpounds, aryl benzi m dazol e conmpounds, and aral kyl benzi m dazol e conpounds.

[ 0015] A%P;he %pqye alﬁzlkg%ggzole conpounds, there may be nentioned
1- decyl i MRz &% FHE YIS M YaZ e, 2- undecyl i mi dazol e,
2- hept adecyl i m dazol e, 2-ethyl-4- nethylim dazole,
2-undecyl - 4- et hyl i mi dazol e, 4- nethylim dazole, 4-octylimdazole,
2-cyc|ohe§ylinidazole, and the |like. [0016] As the above arylim dazole
compound& feldr @ rdyh e nEHtiGhed 1- phenyl i mi dazol e, 2-phenyli i dazol e, 2-
tol yli m dazol e, 2-(4-chlorophenyl)i m dazol e, 2-phenyl-4- nethylim dazol e,
2- phenyl -[I00d6zyl i m dazol e, 2-phenyl -4- benzyl i m dazol e,
2, 4-di phenyl i m dazol e, 2, 4-di phenyl-5- nethylim dazol e,
2- phenyl - 4- ( 3, 4sdnckl aheplamnyglry-suldddd eareflux of the invention
2- phenyl - 4- (2, 4- di chl or ophenyl ) - 5- et hyl i m dazol e, 2-
(2, 4- di chioneahenyd )rdrpheint + be ned fydbk ¢l dazgted dompound as a
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 cf 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 c¢an be made good.



9 phenylim dazol e, 2-nonyl-4-phenylim dazole, 4-phenyl-5- decylimdazole,
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- (1-napht hyl) -4, 5-di phenyl i m dazol e, 2-(4-pyridyl)-4,5-diphenylim dazol e,
and the like. [0017] As the above aral kylim dazol e conmpounds, there may be
menti oned 1-benzylim dazole,, K 1-(4-ch]orophenyl)nethyl- 2-nethylim dazol e,
2- benzyl iBﬁS&amoé, O A YT Rthy PR 4A¥BRELOB- (2- phenyl et hyl )i ni dazol e,
2- (5- phenyl pentyl)i m dazol e, 2-nethyl-4,5-di benzylim dazol e,

1- ( 2, 4- dilé®1drlophenyl ) net hyl - 2- benzyl i mi dazol e, 2-(I-

napht hyl ) met hyl - 4- met hyl i m dazole, and the |ike. [0018] As the above

al kyl benzi m daz8he dodpowidy, wildr exmimihehentiveretdion in detail.

1- dodecyl - 2- net hyl benzi m dazol e, 2- propyl benzi m dazol e,

2- pentyl benzi m faezolieid2zodet Wdrgraimd daridlayl - honytdengingdanol e, 2-

hept adecyl benzi m dazol e, 2-hexyl - 5- net hyl benzi m dazol e,

2- pent yl theb-idiveiHtaraberwinbtdagor eicri 421 yet hylipeat yl Frempiinsdazol e,
2-(2,4,4- trinmethyl pentyl)benzi m dazol e, 2-cycl ohexyl benzi m dazol e,

2- (5- cycliohepd pamyludenyd kY tag ok gz 0 Lo 10oRPENAXKMEERYh BendadHdazol e,
2- (2- am noet hyl ) benzi m dazol'e,

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

As the above alkylimidazole compounds, there may be
mentioned l-decylimidazole, 2-methylimidazole, 2-
undecylimidazole, Z2-heptadecylimidazole, 2-ethyl-4-
methylimidazole, 2Z2-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~dichlorcophenyl)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 conmpounds, 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- (1- napht hyl ) -5-chl or obenzi m dazol e, 5- phenyl benzi m dazol e,
2-(2-pyridyl)benzi m dazole, and the |I|ike. [0020] As the above

ar al kyl benzi m_ dazol e conpounds, there nmay be nentioned

1- benzy| PESFYHIFHAAZO LD iRy behzphtynrbrédagolg, 4-phenyl-5-

chl or ophenyl ) net hyl benzi m dazol e, 2-(4- bronophenyl) net hyl benzi m dazol e,
2-(2, 4- dieeldmg 9 et iy eEnkT hieklby by S2bgBzylimidazole, 2-

di chl orophenyl ) et hyl benzi m dazol e, 2-p-tolyl nethyl -5, 6-

di chl or odérziaphddwdl Jemildad d 3e » 2 42-chpbtbphenyt X Aethyblephiemydazol e, 2- (2-
phenyl et hyl ) benzi m dazol e, 2-(3-phenyl propyl)-5- nethyl benzi m dazol e,

2- (1 - napbt-mgthyatimmi deraien dazshenyl 24 ¢ 22 phepytviyhyhipheaziomiejazol e, 2 11

(benzyl mer capt o) benzi m dazol e, 2-(2- benzyl mercapt oet hyl ) benzi m dazol e, and
the likez, 4,6034Hiphenylimidazole, 2-(2,4-dichlorophenyl)-4,5-
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-Z-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. When the proportion of the im dazol e conpound
contained is nore than 10% by weight, it becomes difficult to control the
surface t%gatnent for obtainhﬁg a
ek

desited,| ayer t?'cin Ss .suifable for

ol der | ng eSS TS A2 EhF r vi 5 BUCHERCF Ry eNDEGr T Kooyl f
acid conpound having 4 to 16 carbon atons represented by the above general
formul a #:i¥s G 0 iRfM BT 63 #YL@geit  when the water-sol uble preflux is
prepared by solubilizing (converting into an aqueous solution) an imdazole
conpound.(Mageardiane thy e Hei dyz0be . t Be present inventors, perfornmance
to solubilize i mdazol e conpounds can be enhanced by using the carboxylic
aci d conpewtd lrevigaptobaoheimiodd zel e ucandetvbet ékr.an al koxy group (R -0O)
and a 12 carboxynet hyl group (-CH2COOH) or a carboxyethyl group (- C2H4000H)
i s conbi n@d1eila an al kyl ene ether chain (- CH2CH(R2)-O), so that mis
preferably from1 to 3. Mreover, the carboxylic acid compound having 3
carbon atons ispgethexwaeeld &raQiyshiinide; SIbst@sGuhds, there may

be mentioned l-phenylbenzimidazole, 2-phenylbenzimidazole,

2-(4-chlorophenyl)benzimidazole, l-benzyl-2-

phenylbenzimidazole, 2-o-tolyl-5,6-dimethylbenzimidazole,

2-{l1-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
synthesized in accordance wth the nmet hod as described in "Yukagaku, Vol.

32, p. 83).". | as. in,theg reaction schene of the fornula
]T (%gl e) ca}ﬂé%m?t?é/%% V\Te él%t . .

3, an excess ed with a predeternned nol ar
annunt o&{ SOdlqé then nDn chlgroacetlﬁ ?d is added thereto in
anou € VAR A2 RRt S 2Bdi dkFowed by heating to
effect a reactlon After conpletion of the reaction, excessive al cohol
conpound[ﬂ§2ﬂénnved by distillation under reduced pressure and adequate
amount of concentrated hydrochloric acid for neutralization is 13 added and
extract ed by anTheger igidazpden aompantdhdeay e hcert 2 heedt her the
concentrated under reduced pressure, and the resulting concentrate is
di stil | ecdvarrdersalethicedref bssuire, awpheopbyttihe odr lferwl i0c 0dcite cddfpound can
be obtained. [0024] [Formula 2]
by weight, preferably from 0.1 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 aquecus 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



R -OCH2-CH O CH2-COON R2 Jm (wherein R represents a linear 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]

Rl -Of OHZICHOHNa R O(CH2 I ZCHONa CCCH2000H Z RRmMmMRL O/CH2 i
CH OCH2Q00Na HCI R-OCH -CHO H\)TlI CH000H m10 \ R2 RZ m (wherein Rl
represents a linear or branched al kyl group 14 having 1 to 4 carbon atons,
R2 represents a hydrogen atom or a nethyl group, and mrepresents an

i nteger g [ 002 The c acid .co nd in_the case where m
shown in faﬁgoé‘%\?e% nqﬁmjpz {]C}gf%rogﬂgt ﬁ)orxyacceaﬁbo’g@? Y1 9bp8Rydcetic acid,

| sopropoxyacetic acid, butoxyacetic | sobut ox etjc acid,

sec- but o%kYEEHID atF COBPLNE rYlBu?8x9i%¥§?8ea@|@eryé%?ﬂ

CHZCH(Rz)-O—), so that m is preferably from 1 to 3.

Moreover, the carboxylic acid compcound 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
conmpound in the case where mis 2 and R2 is a hydrogen atomis 2-[2-(2-
nethoxyethoxy et hoxy] aceti c_aci - et hoxyet hoxy) et hoxy] acetic aci d,
2-[ 2- ( 2- 2FFsFoARE FEEPE TRk C%RI%£%%¥dEt% [ZT%Qn EBBpR&HERFE hoxy) et hoxy]
acetic acid, 2-[2-(2 15 butoxyethoxy)ethoxy]acetlc acid, 2-[2-(2-

i sobut oxyEChoRy) dfogihedetic sriernbraved sunder badugget BERYSETRaxy] acet i ¢
acid, or 2-[2-(2-tert- butoxyethoxy)ethoxy]acetic acid. [0029] Simlarly,

t he carb@%ﬁlK@eama$u&ﬁﬁnﬁuﬂpHQﬁntﬁﬁtﬁsbs dvhet el hedsugdamd rRAlviceda hydr ogen
atomis 2-{2-[2-(2- nethoxyethoxy)ethoxy]ethoxy}acetic acid, 2-{2-[2-(2-

et hoxyet pmegsetrrgx yWhetredxy Haoetdarlaok gl 1 - § 2ifl 2ed@Bpound can be

pr opoxyet hoxy) et hoxy] et hoxy}acetic acid, 2-(2-[2-(2-

i sopr opoxyetaierey.et hoxy] et hoxy}acetic acid, 2-{2-[2-(2-

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

[0024]

[Formula 2]

R‘-—O*(CHz —CH—O0 «)CHz—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]

1 1
R—o(om—Tw—07H Na R-O(C%—TW—OjNa CICH,COOH
R? m R? m

R™0-f-CH,;— CH— O\ CH,COONa HCl R“0—fCH,— CH— O 4~ CH,COOH
—l

R? m R?

m

(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|-
nmet hyl et hoxy) acetic acid, 2- (2 but oxy- I-nethyl et hoxy) aceti c acid,

2(2iso%x-l- hletkkh etlc g2l d,
2-(2-sec 96%&]1q§%t% %%?10 euﬁ?Pr?ﬁeﬁfs a hydrogen atom
(2-tert-but oxy- I-nethylethoxy)acetlc acid. 16 [0031] Simlarly, the
carboxyIPE'ébﬁ@qﬂﬁﬁxﬂﬁRP9¢lQWQ&%a%%pr%ﬁ%PESn?PletSHGrR? £i9 éfhethyl group
is 2-[2-(2-methoxy- 1-nmethyl ethoxy)-1-nethylethoxy] acetic acid, 2-[2-(2-
et hoxy- | t hyl et hoxy) - 1- met hyl et hoxy] acetic acid, 2-[2-
(2- propoxy- 1 -net hyl et hoxy) - I - net hyl et hoxy] acetic acid, 2-
[ 2- (2-1 sd®Ogfdxy- | - net hyl et hoxy) - 1- net hyl et hoxy] acetic acid,
2-[2-(2-butoxy-1-nethyl et hoxy)-1 met hyl et hoxy] acetic acid,
2-[2-(2-1 sobut oxyiel camdloxyildicheai)d omidyethoxyjacesse avede @&-[ 2-(2-sec-
but oxy-1 - met hyl et hoxy) - 1- net hyl et hoxy] acetic acid, or 2-
[ 2- (2- t erdrdii QY -dhdTeihyd &t hexarl 1 4 - et Bybet Boxyhoagalkks i cAcicd.q,[ 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] - | - 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-

met hyl et hoxy) - | - met hyl et hoxy] - 1- met hyl et hoxy}aceti c aci d,

2-{2-[2- (2 - | %, - yl gt hgx %;I- met hyl et hoxy}aceti c
aci d, 2-%%ﬂ%g%%%ﬁéﬁiﬁﬁég%§$?gé% h%l%?%gky?-T?ng hyl et hoxy] - | - met hyl et hoxy}
acetic acid, 17 2-(2-]2-(2-sec-butoxy-I|-nethylethoxy)-1-nethyl ethoxy]-1-
R R R e A T b
met hyl et hoxy) - 1- met hyl et hoxy] - | - net hyl et hoxy} _aceti¢ acid. [0033] Anobng the
car boxy!| P& %F{E%ﬁédﬁ o iﬁ?@Fﬁpt cig: € rgaxséﬂ§ﬁ§6F§§Tesented by the
above general formula 1, the carboxylic acid conpounds having 4 to 16
car bon at¥tROxyeddiesetdrpyl apet sl #ehing general fornula 4, which are the
cases that n is 2, can be synthesized in accordance wth the nethod using
cyanoet hyll00&%er conpounds as starting materials as described in "J. Am
Chem Soc., Vol. 70, p. 1333 (1948)". The cyanoet hyl ether conpounds can be
synt hesi zed i nSaaddrddnge bl edde et hodsciad dasgoubaédinnthBr chiseh  Pat ent
No. 544421" and "U. S. Patent No. 2280792". Nanely, as shown in the reaction
schene ofwHd¥®e m is 3 and R? is a hydrogen atom is 2-{2-[2-(2-
methoxyethoxy)ethoxylethoxylacetic acid, 2-~{2-[2-(2-
ethoxyethoxylethoxy]ethoxylacetic acid, 2-{2-[2-(2-
propoxyethoxy)ethoxylethoxylacetic acid, 2-{2-[2-(2-
isopropoxyethoxy)ethoxylethoxylacetic acid, 2-{2-[2-(2-
butoxyethoxy)ethoxylethoxylacetic acid, 2-{2-[2-(2-
isobutoxyethoxy)ethoxylethoxylacetic acid, 2-{2-[2-(2-~
sec-butoxyethoxy)ethoxylethoxylacetic acid, or 2-{2-[2-
{(2-tert-butoxyethoxy)ethoxy]ethoxylacetic 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-iscpropoxy-1-
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 salt such as anmonium chloride is 18 renoved by filtration, and

t hen the flltrate is distilled wunder reduced pressure, whereby the
carboxyI|@QQ§ﬂd conpound can be obtai ned. [0034] (Fornula 4] CHz4AT COCH
R-O~CH2 - CH- OOMR[00 35] [Fornmula 5] R-O CHZ i O H NaOC2H5
(Cat-) 11\ + CREREaEN YRy the 12 BReXy3HEC @ 1) compperg- l@NtPi@I cCageo 2 R

where m is 2 and R? is a methyl group is 2-[2-(2-methoxy-
l-methylethoxy)-1-methylethoxylacetic acid, 2-[2~(2-
ethoxy-l-methylethoxy)-1-methylethoxylacetic acid, 2-[2-
(2-propoxy-l-methylethoxy)-1-methylethoxylacetic acid, 2-
[2-(2-isopropoxy-l-methylethoxy)-l-methylethoxylacetic
acid, 2-[2-{2-butoxy-l-methylethoxy)-1-
methylethoxylacetic acid, 2-[2-(2-isobutoxy-1-
methylethoxy)-l1-methylethoxylacetic acid, 2-[2-(2-sec-
butoxy-l-methylethoxy)-l-methylethoxylacetic acid, or 2-
[2-(2-tert-butoxy-l-methylethoxy)-1l-methylethoxylacetic
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)-1-methylethoxy]-1-
methylethoxylacetic acid, 2-{2-[2-(2-ethoxy-1-
methylethoxy)-1l-methylethoxy]-1l-methylethoxylacetic acid,
2-{2-[{2-(2-propoxy-l-methylethoxy)-1l-methylethoxy]-1-
methylethoxylacetic acid, 2-{2-[2-(2-isopropoxy-1-
methylethoxy)-1-methylethoxy]-1-methylethoxylacetic acid,
2-{2-[2-(2-butoxy-1l-methylethoxy)-1-methylethoxy]-1-
methylethoxyl}acetic acid, 2-{2-[2-(2-isobutoxy-1-

methylethoxy)-l-methylethoxy]-l-methylethoxylacetic acid,

17



m RL OCH2 i HO CH2CH2-COON R2 m (wherein Rl represents a |linear or
branched al kyl group having 1 to 4 carbon atons, R2 represents a hydrogen
atom or a methyl group, and mrepresents an integer of 0 to 3.) [0036] 19
The carboxylic acid conpound in the case where m shown in the above formul a
4 is 0 is 3-ethoxypropionic acid, 3-propoxypropionic acid,
3-1sopropoxypropionic acid, 3-butoxypropionic acid, 3-isobutoxypropionic
acid, 3-sec- butoxypropionic acid, or 3-tert- butoxypropionic acid. [0037]

Slnllarly, t he carboxylic acid ound ip the case mis 1 and R2 is
a hydroger &dmi e %Tb?ﬁﬁﬁﬁxieggB§¥¥ﬁF58?5ﬁ|& QSF@YlEt oxyl-1-
3-(2- et hoxyet hoxy) pr opi oni ¢ 3-(2 propoxyethoxy) opionic acid, 3-(2-

|sopropo%ﬁéﬂ%ﬁ%%ﬁﬁ%ﬁﬁQﬁﬁ%l%c@ﬁlds P2- 2pltoxyet KokPFpr Pﬂ%%ﬁk&nd 3-(2-
i sobut oxyet hoxy) propi onic acid, 3-(2-sec- butoxyethoxy)propionic aC|d or
3-(2- termEHMﬁkﬁéhﬁxuﬁq@ImQﬁhbhﬁbhaéyﬂ 1f®@38y15¢hpkaﬂﬁﬁeﬂﬂﬂaaﬂmdxmyl|c
acid conpound in the case where mis 2 and R2 is a hydrogen atomis
3-[2-(2- M&x3mxyet hoxy) et hoxy] propi onic acid, 3-[2-(2-
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 4, which are
the cases that n is 2, can be synthesized in accordance
with the method using cyancethyl 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

18



et hoxyet hoxy) ethoxy]propionic acid, 3-[2-(2- propoxyethoxy)ethoxy] propionic
acid, 3-[2-(2- isopropoxyethoxy) ethoxy]propionic acid, 3-[2-(2-

but oxyet hoxy) et hoxy] propi oni ¢ acid, 3-[2-(2- isobutoxyethoxy)

et hoxy] propi onic acid, 3-[2-(2-sec- butoxyethoxy) ethoxy]propionic acid, or
3-[2-(2-tert 20 but oxyethoxy) ethoxy]propionic acid. [0039] Simlarly, the
carboxylic acid conpound in the case where mis 3 and R2 is a hydrogen atom
is 3-{2-[2-(2- methoxyet hoxy) et hoxy] et hoxy}propionic acid, 3-{2-[2-(2-

et hoxyet hoxy) et hgxy] et .hox ropionic acid, 3-{2-[2-(2-, e

o Opoxy RSN TS et eR o o By ERGE: Bhes tE3LERLEr 1S Syt hoxy)

et hoxy] et hoxy} propionic acid, 3-(2-[2- ) )

( 2- but ox PEIFIX YVEIUBY | REFDXYS Pr o BRFEYaEPE, carpoxylicpacid

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

sec- but o0EEHRNY etadioxyg etloxyhedopi oni c acid, or 3-{2-

[ 2- (2-tert-butoxyet hoxy)ethoxy] et hoxy}propionic acid. [0040] Simlarly, the
car boxyl i[®Csd]ld conpound in the case where mis 1 and R2 is a nmethyl group
is 3-(2-nethoxy-I|- nethyl et hoxy)propionic acid, 3-(2-ethoxy-I-

met hyl et f@opriepioni ¢ acid, 3-(2-propoxy-I- nethyl et hoxy) propi oni ¢ acid,
3-(2-isopropoxy-I|- nethyl ethoxy) propionic acid, 3-(2-butoxy-I-

met hyl et hgxy) propi opj,.c_acy 3 - jsobut oxy-1- nethyl et hoxy) propi oni ¢ acid,
3-(2-sec- %ﬁt%%y@ﬁ- ?h BQ)QCHZ% 60
R? m

[0035]

[Formula 5]

RL-0—+CH,~CH— O+ H NaOGC,H
2 +  CHp=CH—CN 20CHs eat) |
R2

m

RL0 ‘(CHZ'— <I:H—- 0 7 CH,CHy—CN _TH%'-—-
2
R? m

R1-o~(cH2— <|:H—o )— 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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met hyl et hoxy) propionic acid, or 3-(2-tert-butoxy-I- methylethoxy)propionic
acid. [0041] Simlarly, the carboxylic acid conpound in the case 21 where m

s 2 and R2 is a nethyl group is 3-[2-(2-methoxy-

1- net hyl et hoxy) - 1- et hyl et hoxy] propi onic acid, 3-[2-(2-

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

[ 2- (2- propoxy- | - net hyl et hoxy) - | - net hyl et hoxy] propi onic acid,

3-[2-(2- isopropoxy-l-nethylethoxy) 1- met hyl et hoxy] propi oni ¢ aci d,
3-[2-(2-butoxy-] - neth | et hax t hyl et hox |on|c acid, 3- [2 (2-

i sobut oxy- I-neth??eFﬁS ? ﬁ% 4?3ﬁﬁéﬁ ‘%p%&h?& ac e where m

3-[2-(2-sec- but oxy- I-nethyletho %i 1- nethylethoxikproplonyc acid, or

3-[ 2- (2- SE&FTHIHG 2Rty @EReXF) 41 1Al hyPefnBXPPEYEFCBIE i d. [ 0042]
Simlarly, the carboxylic acid conpound in the case where mis 3 and R2 is
a net hyl agrigup I PBRRXYRropiopdeh@®Eid - net hyPREPBRYYPIOREORYICetdthd)] - 1-

nmet hyl et hoxy} propi onic acid, 3-{2-[2-(2-ethoxy-I-
nethyletB@bﬁﬁdxynﬁdBMQnﬁquqldrn@thybbuhoxyppppppomccaqwd(13 sec-
{2-[2-(2-propoxy-|-nethyl et hoxy) -1 -net hyl et hoxy] - 1-nethyl et hoxy} propi onic

3-

acid, 3-{rtfoy(prdrsiapriopoxyid -

nethylethoxy) 1- met hyl et hoxy] - | - net hyl et hoxy} pr opi oni c
{2-[2 ([20mmtjoxy- | - met hyl et hoxy) -1 - met hyl et hoxy] - 1- et hyl et hoxy} propi oni c
aci d, {2 [ 2- (2-i sobut oxy-1 - o
met hyl et hoxy) - 18Rt IukaiN 0t lcdmIW BEDOXYI R OBhPBLSd in the case

3-

where m is 1 and R? is a hydrogen atom is 3-(2-

or 3-tert-butoxypropionic acid.
aci d,

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-

methoxyethoxy)ethoxylpropionic acid, 3-[2-(2-
ethoxyethoxy)ethoxylpropionic acid, 3-[2-(2-

propoxyethoxy)ethoxylpropionic acid, 3-[2-

isopropoxyethoxy)ethoxylpropionic acid, 3-[2-(2-

butoxyethoxy)ethoxy]propionic acid, 3-[2-(2-

isobutoxyethoxy)ethoxy]propionic acid, 3-[2-(2-sec-

butoxyethoxy)ethoxyl]propionic acid, or 3-[2-(2-tert-
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acid, 3-{2-[2-(2-sec-butoxy-I-nethylethoxy)-I-

nmet hyl et hoxy] - | - met hyl et hoxy} propi onic acid, or 3-{2-[2 22
(2-tert-butoxy-I|-methyl et hoxy) - 1-net hyl et hoxy] - 1- met hyl et hoxy} propi oni ¢
acid. [0043] These carboxylic acid conpounds nay be contained in a

wat er-sol uble preflux in a proportion of fromO0.1 to 50% by wei ght,
preferably from1l to 30% by weight. In the case where the proportion of the
carboxylic acid contained is less than 0.1% by weight, the imdazol e
conpound cannot he sufficiently splublllzed In the case where the
propor t i SR RN 509% by 3Rt gt ¢ #Réd-agent cost of the carboxylic
acid increases and thus the case is not preferred. [0044] In carrying out
the invertB®%P] a conventionally known organic acid, inorganic acid, or
organi c solvent nmay be used as a solubilizing agent in conbination with

the carboxylic &édlegipouridie Reprewent bt i velie@xepppesndf inheher gasec acid to
be wused include formc acid, acetic acid, propionic acid, butyric acid,

gl yoxyl i ovleexied,m pys LB/iancacR?d,i:acaetl'qamnemcj;@:n acom, iheQH[PHi[@—-aQi-d, hept anoi ¢
acid, caprylic acid, capric acid, lauric acid, glycolic acid, glyceric
acid, | aitiroAathoaerythexaréthokenpebpiaaiid, ap-id,t Behengeic2-acid,

p-tol uenesul fonic acid, salicylic acid, picric acid, oxalic acid, succinic

acid, malfifoafdtthod WehEx@féehoxy)propionic acid, 3-{2-[2-(2-
propoxyethoxy)ethoxylethoxylpropiconic acid, 3-{2-[2-(2-
isopropoxyethoxy)ethoxy]ethoxylpropionic acid, 3-{2-[2-
(2-butoxyethoxy)ethoxylethoxy}propionic acid, 3-{2-[2-(2-
isobutoxyethoxy)ethoxy]ethoxylpropionic acid, 3-{2-[2-(2-
sec-butoxyethoxy)ethoxylethoxyl}propionic acid, or 3-{2-
[2-(2-tert-butoxyethoxy)ethoxylethoxylpropionic 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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23 tartaric acid, and adipic acid; and exanples of the inorganic acid

i ncl ude hydrochloric acid, phosphoric acid, sulfuric acid, and nitric acid.
[ 00451 Al so, as the organic solvent, there may be nentioned | ower al cohols
such as nethanol, ethanol, and isopropyl alcohol; or acetone,

N, N- di et hyl f ormam de, ethylene glycol, and the |ike, which are freely
mscible with water. [00461 To the water-soluble preflux of the invention,
a copper conpound may be added in order to accelerate a formation rate of

the chem ¢al layer aon the surface of = the netal,6 conductiye part and a zinc
conpound “’ﬁ?ﬁfeoé‘y ifde T Br dér atéﬂemﬂlhé?r%ah%egﬁggf( é@ggpﬁﬁé’é‘ of the

chem cal |ayer formed. Representative exanples of the above copper conpound
i ncl ude dopirdhyacathasy) chiphotRY et P REPTeBpPREC Ry éé,%-u(;?f—ous br oni de,
cupric brom de, copper iodide, copper hydroxide, copper phosphate, copper
sul f at e, edipxcdppeathiiietthexyant-neehyleehosrdrreopiesdnt adive exanpl es  of
the zinc conpound include zinc oxide, zinc formate, zinc acetate, zinc
oxal at e, [A-Aracimixy-zimetitylehiexy) 2L aneshlt at&poxzi) peopiitardte, zi nc
phosphate, and the like. Any of the netal conpounds nmay be added in a
proporti erid - fr-om-0i &dptopdLP6 bymewehghethpkehenably a proportion of

methylethoxylpropionic acid, 3-[2-{2-butoxy-1-

methylethoxy)-1-methylethoxylpropionic acid, 3-[2-(2-

isobutoxy-l-methylethoxy)-1l-methylethoxy]propionic acid,

3-[2-(2-sec-butoxy-l-methylethoxy)-1-

" methylethoxylpropionic acid, or 3-[2-(2-tert-butoxy-1-
methylethoxy)-1-methylethoxy]propionic 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-

methylethoxylpropionic acid, 3-{2-[2-(2-ethoxy-1-

methylethoxy)-1-methylethoxy]-1-methylethoxyl}propionic

acid, 3-{2-[2-(2~propoxy-l-methylethoxy)-1l-methylethoxy]-

l-methylethoxylpropionic acid, 3-{2-[2-(2-isopropoxy-1-

methylethoxy)-1l-methylethoxy]-1l-methylethoxy}propionic

acid, 3-{2-[2-(2-butoxy-l-methylethoxy)-~1l-methylethoxy]-

l-methylethoxylpropionic acid, 3-{2-[2-(2-isobutoxy-1-

methylethoxy)-1-methylethoxy]-l-methylethoxylpropionic

acid, 3-{2-[2-(2-sec~butoxy-l-methylethoxy)-1-

methylethoxy]-l-methylethoxy}propionic acid, or 3-{2-[2-
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fromO0.02 to 5% by weight in the water-sol uble preflux. [0047] In the case
where such a copper conpound or zinc conpound is used, it is preferable to
stabilize the pH of the water-soluble preflux by adding a substance havi ng
a buffer action, such as anmonia or an am 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 |ayer and
the heat resistance of the layer, a halogen conpound nay be added in a

proportlon of from_0.001 to 1% by wei ght, preferabl proportion of from
0.01 to %@Rﬂﬁyl%nWFEWXi%é% _iﬂﬁgEhﬁﬁﬁFpﬁ§Y§r "t he invention.
Exanpl es of the halo%ﬁg?conpound |nclude sodi um fl uori de, potassium

f1uori de MeARYD:H QRACTLIG R L chl ori de, potassi um chl ori de, ammoni um
chl oride, sodium brom de, potassium brom de, anmoni um brom de, sodium

i odi de, Pét0dski um i odi de, and anmmoni um i odide. [0049] Wth respect to the
conditions for treating the surface of the netal conductive part of the
printed w ringTheaedcasboxtlhe satiet -ccmphired pred ¥ uxe ofohheinedvénti on, the
liquid tenperature of the water-soluble 25 preflux is preferably from10 to
70C, and & hetesagtubld neré S1pk ef grabpyopoesi dnsegord oo 01Q moutes. As the

contact nethod, there nmay be nentioned di pping, spraying,
50% by weight, 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. 1In the case
where the proportion is more than 50% by weight, the
agent cost of the carboxylic acid increases and thus the
case 1s not preferred.
[0044]

In carrying out the invention, a conventionally
known organic acid, inorganic acid, or organic solvent
may be used as a sclubilizing 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, glycelic 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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coating, and the |ike nmethods. [0050] Also, after perform ng the surface
treatnent according to the invention, it is possible to further enhance
the heat resistance by form ng a double structure on the chem cal |ayer
with a thernoplastic resin. That is, after form ng the chem cal |ayer on the
surface of the netal conductive |ayer, a double structure of the chem cal

| ayer and a thernoplastic resin may be forned by dissolving a thernoplastic
resin having excellent heat resistance, mhich may be conposed of a rosin

derivative such.as rosin_or rosin_ester, t er pene r in derivative such
as a ter péfeFes 3 a?%r%%h%lﬁh@ﬁbg r 88 exﬁmE§ 5&? resin such as
aromatic hydrocarbon resin or an aliphatic hydrocarbon resin, a

n1xture1ﬁﬂ9§ﬁﬁnlqrP%?goPV@ﬁPd§u@WQ£9qqﬂQR%ﬁaacb@hyphéé@Pﬁﬁéc(ﬁc%%mpropw
al cohol and uniformy applying the solution so as to be a thickness of 1 to

30 m on SHEWHeiawidl a3e wstAyCaaedl coater or the like. [0051] The
sol dering nethod of the invention can be adapted to the flow sol dering
met hod whildHt &lonprises 26 noving a printed wiring board over a nolten
liquid-state solder in a solder bath to solder junctions between
el ectroni c partaland teke thd nireghniid | gl bt d Enelr & heayr &l ow sol deri ng
met hod whi ch conprises printing in advance a paste cream sol der on the
printed Wdrtibho@rtbwer alcohols such as methanol, ethanol, and

isopropyl 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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according to a circuit pattern, nounting electronic parts thereon, and
heating the whole printed wring board to nelt the solder to conplete the
sol dering. [0052] As the solder which is suitable for soldering according
to the invention, there may be nentioned not only generally used tin-I|ead
all oy eutectic solders but also |ead-free solders such as Sn-Ag-Cu based,
Sn- Ag-Bi  based, Sn-Bi based, Sn-Ag-Bi-Iln based, Sn-Zn based, and Sn-Cu
based sol ders. Exanples [0053] The following will specifically describe
the invention with reference to Exanples and Conparative Exanples but it
shoul d n&f H&E Wbttt that Bheeiabent PERIPEPILN Pe@momadion of

I ncidentally, the imdazole conpounds, carboxylic acid conpounds, and
eval uat i diraietthdth t@eth i by Exahphesinahlie Cepparasovebbeamiisds Wie as

follows. 27 [0054] [Im dazole conmpounds] 2-Undecylim dazole (a trade nane:
Cl1Z, maniWfCectiured by Shi koku Chemical s Corporation) 2-Phenylimnm dazole (a
trade nane: 2PZ, manufactured by Shikoku Chem cal s Corporation)
2- Phenyl - 4- net hyhi wheéazelse Whdareadaiatane: c M, compauhdcbur ednky Shi koku
Chem cal s Corporation)

compound is used, it is preferable to stabilize the pH of

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 iocdide, 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- (3, 4-di chl or ophenyl )i m dazol e (synthesized according to the
nmet hod as described in JP-A-2005-104878)

2- Phenyl - 4- (2- napht hyl ) -5- et hyl i m dazol e (synthesized according to the
met hod of Reference Exanple 1) 2-Phenyl -4-(2-naphthyl)i m dazol e
(synthesi zed according to the nethod of Reference Exanple 2)

2- Benzyl - 4- et hyl i m dazol e (manufactured by Poly Organix)

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

2-(4-ch|or%§ﬂ?nIJﬂHP]%?be z'nigazol (synthesized, according to the nethod
as descr iR *Hygéiéﬁ% %ﬁgb%xn ﬁ%%ii? 9%I581§ﬂ %?d5§§e(§86§%ft
2-(1-naphtgﬁl)neggé#?en%gﬁ%d zol e, (synth sizeg according to the nethod as
descri bed ¥ Bi% i TP Phat hdo Oaégon oF© 38, MInuies - 1497)5"9 0055] 28
Ref erence Exanple 1 (Synthetic nethod of 2-Phenyl -4-(2-naphthyl)-5-
net hyl i MSPIFAE i df T PiyBR BchE ofPREIaRAaA 1 BGE ol HPEDU:  of
sodi um net hyl ate were heated under reflux in tetrahydrofuran for 1 hour.
After cosldaiging ard ridrg dkokeraatBedati on of an equi nol ar amount of 2-
br ono- 2' - propi onapht hone was added dropw se thereto so that the tenperature
di d not eXdedd 30C, and then an equi nol ar anount of sodi um net hyl ate was
further added,
Also, 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 alcohcl and uniformly

applying the solution so as to be a thickness of 1 to 30

pum 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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foll owed by heating under reflux for 1 hour. After renoval of the sol vent
by distillation under reduced pressure, the residue was washed with water
and subjected to recrystallization fromacetonitrile to obtain grayish
blue crystals. [0056] Reference Exanple 2 (Synthetic nethod of

2- Phenyl - 4- (2- napht hyl )i m dazol e) Benzam di ne hydrochl oride and an
equi nol ar anount of sodi um nethyl ate were heated under reflux in
tetrahydrofuran for 1 hour. After cooling, a tetrahydrofuran solution of an
equi nol ar__anount_ of  w Q%onn-Z-aceton pht hone maz addﬁd dr.o mﬁsqlthereto SO
that th&8YeMeratii e iU ot ek cReE 308V hnd PREASEN L@ 1% *Smount  of
sodi um net hy] at e was féﬂéher adged, foll owed by 29 heating under reflux for
1 hour. AHEEL dibvalSVfighdPatkly ventobhyedi sPnFFaPPsn PG&d&=T educed

pressure, the residue was washed with water and subjected to
recryst algliefti R F ik Bt el Ehe | Briotest uinigpabrskd Binge thgstal s. [0057]
(Carboxylic acid conpounds) 2-Ethoxyacetic acid (a reagent, manufactured by
Sl GVA- AlRRIICH sbistendrsg gtk tisoCowbbohdcappr2s¢g- petihdXdyet Hoxy) acetic acid
(abbreviated as Conpound B) 2-[2-(2-ethoxyethoxy)ethoxy]acetic acid
(abbrevi aldthrase a paste cream solder on the printed wiring board

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
[0053]

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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Compound C) 2-{2-[2-(2-ethoxyet hoxy) et hoxy] et hoxy}acetic acid (abbreviated
as Conpound D) 2-(2-nethoxy-I|-nethyl ethoxy)acetic acid (abbreviated as
Compound E) 2-[2-(2-propoxy-|-nethyl et hoxy)-1-nethyl et hoxy]acetic acid
(abbrevi ated as Conpound F)
2-{2-[2-(2-butoxy-I|-nethyl et hoxy) - 1- et hyl et hoxy] -1 - net hyl et hoxy}acetic
acid (abbreviated as Conpound G  3- Et hoxypropionic acid (abbreviated as
Conmpound H) 3- (2- met hoxyet hoxy) propi onic acid (abbreviated as Conpound 1)
3-(2-met met hyl et hoxy) propi oni c acid (abbreviated 30 as Compound J)
3-[2-(2- é%yethoxy)ethoxy]proplonlc acid (abbreviated as Conmpound K)
3-{2-] 2- (2 ethoxyethoxy)ethox et hoxy} propionic acid (abbreviated as
Conpound 1 iGH#EsH fhde ﬁere synt hesi zed i n" accordance with the method
as described in "Yukagaku, Vol . 32, p. 118 (1983)". Conpounds Hto L were
synt hesi »e@-Undacgdrideinzzo i t te ttheadet hans: aSltigscmabedaiciurdd Am Chem
Soc., Vol. 70, p. 1333 (1948)" and "British Patent No. 544421" and/or "U.
S. Pat entSiNkokK28Uv&RI'cals Chrgoregard) the structural fornul ae of

Conmpounds A to L are as shown in Table 1.

e 2-Phenylimidazole (a trade name: 2PZ, manufactured by

Shikoku Chemicals Corporation)

o 2-Phenyl-4-methylimidazole (a trade name: 2P4MZ,
manufactured by Shikoku Chemicals Corporation)

¢ 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)

¢ 2-Benzyl-4-methylimidazole (manufactured by Poly
Organix)

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

¢ 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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[0058] [Table 1] 31 Conpound A C2H5- 0- CH2COOH Conmpound B CH3 -0-CH2 - i H
-0 -CH2COOH H Conpound C C2H5-OCH2 - i H -O CH2COOH H 2 Conpound D
C2H5-0 CH2-CH 0 CH2COOH H 3 Conpound E CH3 -OCH2-CH -0 -CH2COOH |/ CH3
12C npound F n- C3H7- OCH2-CH -0 H2000H Co CH3 Conpound G n-C4H9-O CH2 -CH -0
CH200CH CH3 a Compound H C2H5- 0- CH2CH2COOH Conpound | CH3 -O- CH2-CH -0

- CH2CH2COOH H  Conpound J CH3 -0-CH2-CH -0 - CH2CH2000H CH3 Conpound K
CH3-0 CH2-CH -0 CH2CH2000H | Conpound L C2H5 0 CH2-CH -0 CH2CH200OH H 3 32

[0059] Reference Example 1

(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. Afterx
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 ®-
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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Ref erence Exanple 3 (Sol ubilization test of imdazole conpounds) After 0.20
g of 2-pheny-(3,4- dichlorophenyl)imdazole was dissolved in 2.0 g of the
carboxylic acid conmpound for use in the invention, there was neasured an
anount of water required until the solution becane cl ouded when

i on- exchange water was added. The |arger anmount of water is judged to be
nore excellent in imdazole conpound-solubilization performance of the
carboxylic acid conmpound. The obtained test results are as shown in Tables 2
to 4. is recognized that a chem cal structure wherein an alkoxy gr oup

(R1- O) al?ﬁla%l‘(’:%r%‘i?ﬁefﬁﬁluﬁréﬁﬁ ¢ bAvseoHP e ra FERBEY @ hyiYr oup
(- C2H4000H) is conbined via an al kylene ether chain (- CH2CH(R2) o)
enhances ¥hkventyiguzdi st Eébhpbing- s8Peki Iredaciech ppaSorimnceae [ 0060] [ Tabl e
2] Carboxylic acid conmpound Anpunt of water added (ml) 2-Ethoxyacetic acid
3. 3 Conposgsidis. @as|[08s8hed] Tabhewdfe33 a@alr Isavoyileict eatitth conpound Anmount  of
wat er added (m ) 2-(n-Propoxy)acetic acid 2.8 Conmpound F 3.0 [0062]

recrystallization from acetonitrile to obtain grayish

blue crystals.

[0057]

(Carboxylic acid compounds)

e 2-FEthoxyacetic 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)

e 2-{2-[2-(2-ethoxyethoxy)ethoxy]ethoxy}lacetic acid

(abbreviated as Compound D)

o 2-(2-methoxy-1l-methylethoxy)acetic acid (abbreviated as

Compound E)

e 2-[{2-{2-propoxy-l-methylethoxy)-l-methylethoxy]lacetic

acid (abbreviated as Compound F)

e 2-{2~-[2-(2-butoxy-l-methylethoxy)-1l-methylethoxy]-1-

methylethoxylacetic acid (abbreviated as Compound G)

¢ 3-Ethoxypropionic acid {(abbreviated as Compound H)

e 3-(2-methoxyethoxy}propicnic acid (abbreviated as

Compound I)

e 3-(2-methoxy-l-methylethoxy}propionic acid (abbreviated
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[ Tabl e 4] Carboxylic acid conmpound Amount of water added (m)

2- (n-Butoxy)acetic acid 1.0 Conmpound G 2.0 [0063] (Evaluation test for

sol der flowup rate properties) A printed wiring board made of a gl ass epoxy
resin of 120 mm (length) x 150 mm (wi dth) x 1.6 nm (thickness) and having
300 copper through-holes having an inner dianeter of 0.80 nmmwas 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 ubl e prefl ux_kept at a prescribed liquid tenperature for a
prescribéﬁgﬁgwgﬁﬂnﬁ¥‘{%ne, washed with water, and then dried to forma
chem cal |ayer having a thickness of fromabout 0.10 to 0.50 mon the

copper Susfdde. (2Tie i axba et ekpr pp beel@agcidbjlabbegviigtechr ee
cycles of reflowheating in which the peak 34 tenperature was 240C usi ng an
i nfrared aefdampainvd d&  (trade nanme: MUILTI - PRO-306, nanufactured by Vetronix
Co., Ltd.) and subsequently soldering was perforned with a flow sol dering
devi ce (@onvgyper| 2spe@edtho:yattmxy ) e hexgbétiecxuspdopasndct arildead eutectic
solder with a conposition of 63%tin and 37% 1 ead (% by wei ght) (trade
nane: H63ksbumnufacddires bymSeond Metal [ ndustry Co., Ltd.), and the flux

used for soldering was JS- 64M5SS

Compounds B to G were synthesized in accordance
with the method as described in “Yukagaku, Vol. 32, p.
118 (19833 ”.

Compounds H to L were synthesized in accordance
with the methods as described in “J. Am, Chem. S5oc., Vol.
70, p. 1333 (1948)” and “British Patent No. 544421”
and/or “U. S. Patent No. 22807%2".

In this regard, the structural formulae of
Compounds A to L are as shown in Table 1.

[0058]

[Table 1]
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(manuf actured by Koki Co., Ltd.). The soldering tenperature was 240C. A
test piece surface treated as above was also soldered using a | ead-free
solder in the same manner as in the case of the tin-lead eutectic sol der.
The sol der wused 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-09 (manufactured by Koki Co., Ltd.). The refl ow heating

peak tenpgerature was| 245C, and the soldering tenperature| was al so 245C. For
t he sol dered test »‘E ece, the nunmber of through- holes in|which the sol der
was fill éd“epPIW39thd upper | a 1 ®Pper through-hpl es was counted and
the propdrtion (% tjhereof with respect to the total nunmper of copper
t hr ough- ot €S (300 ol €S) wWas cal cur at ed. 35 vnemn the solder wettability on
the coppgr surface |is |arge—bbhechplicgn_soldei,ceenetrates into the inside
of the dofpepourdrbugh-hole and readilly fills it to the Lpper land of the
t hrough- hol e. Nanmely|, when the nunber tof through-hol es whose upper | ands
wer e sol ¢ f n 1 " may be judged to
be excelllent and sqgl derakhj ity g ret b ed tolbe good. [0064]
( Eval uat ilogoinpsidndf®r| sol dérH's Spr { g’o I(ﬁt ”%Vj.&llcg%g,
2
—0—f~CH; —CH — 0 —~CH,COCH
Compound D CaHs ( 2 | 7 :
H 3
CH; —O—CH; —CH —0 —CH,COOH
Compound E
CHs
- — —CH—0
Compound F n-C3Hy O(CHZ <|;H -)rCHZCOOH
CHg 2
-C4Hg—0~fCH, —CH —O —\CH H
Compound G n-CaHo ( 2 l 7 2600
CH, 3
Compound H CzH5_O'_’CHZCHchOH
Compound |
H
CHy —O—CH; —GH —0 —CH,C
Compound J Hs CH; —CH CH;CH,COOH
CH3
—0+~CH,~=CH —0O \~CH,CH,COCH
Compound K CHa t O j_ Zee
H 2
C,Hs—O-fCH; —CH —O -CH3CH,COOH
Compound L 2ns ‘( 2 | j, 2
H 3
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A printed wiring board nmade 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 mmand a length of 20 mMmm were forned 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

t enper at u[;o%gﬂr a prescribed period of tinme, washed with water, and then
dried to forma chem cal |ayer having a thickness of fromabout 0.10 to

0. 50 nlogv%?e cq&$§§ surface. The surface-treated test piece was subjected
to one &t ¥YWn2ating i n which the peak tenmperature was 36 240C
using an infrared ref] ow device (trade nanme: MJILTI- PRO 306, manufactured by
Vetroni x ‘GRiuRt3atyereredftepf aMifAzpégdceBP@endsdste was printed on the
center of the copper circuits using a netal mask of 1.2 nmm aperture

di aneter and 15@fmen Bi.Aéhas ot arphety ol htati ng was conduct ed under the
above-descri bed conditions to perform soldering. The tin-|lead sol der paste
used was dirchleutauttery splnibdatoiadeanadess@ved- 330R-.M0-gl;f tienuf act ured by
Senju Metal Industry Co., Ltd.) conposed of 63%tin and 37% | ead (% by

wei ght) . dudlestypi ececsdrfaaeotineared asecabavehwas nalesa i@l dateatk using a

| ead-free solder paste in the sane

was measured an amount of water 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,COOHY or a carboxyethyl group (-C,H,COOH) is combined
via an alkylene ether chain (-CH,CH(R?) -O-) enhances the

imidazole compound-solubilization performance.

[(0G60]
[Table 2}
Carboxylic acid compound Amount of water added (ml)
2-Ethoxyacetic acid 3.3
Compound C 3.6
[0061]}
[Table 3]

33



manner as in the case of the tin-lead solder paste. The |ead-free sol der
paste used was a | ead-free solder conposed of 96.5%tin, 3.0%silver and
0. 5% copper (% by weight) (trade nane: M/05-221BMb-42-11, manufactured by
Senju Metal Industry Co., Ltd.). The peak tenperature of reflow heating
attained before and after the solder paste printing was set to 245C. The

|l ength (mm) of the solder which wetted and spread over the surface of the
copper circuit of the obtained test piece was neasured. Wien _the length is
| onger, solder wettability to the copger may be judged to be excellent and
sol der abill i Op nhesretioc gl becomipiojenidt o behmpaont 37 78065] adErangdimé )1
2- Undecylii m dazol e as an i m dazol e congound, ethoxyacetic acid as a
sol ubi |i zi n@-algerBromoppedcaicit ateidas |a netal salt, 2ared anmoni um chllori de
as a hal ggen conpound were di ssol ved iin i on-exchange water so as to
achi eve the conposidimpoulescri bed in Tgble 5, respe@.ively and subseguently
the solution was adjusted to pH 3.7 wih amonra water, whereby a

wat er -sol ubl e preflux was prepared. Then, a test piece of the printed
wiring board was dipped in the water-soluble preflux whose tenperature was
control | @2 OC. Thereafter, the test piece was washed and dried, and the
sol der flowup rate properties and

[Table 4]
Carboxylic acid compound Amount of water added {ml)
2-(n-Butoxy)acetic acid 1.0
Compound G 2.0
10063]

(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-socluble 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 um 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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sol der spreadability were neasured. These test results are shown in Table
5. [0066] Exanples 2 to 16 Each water-sol uble preflux having a conposition
as described in Table 5 was prepared in the sane manner as in Exanple 1
and subjected to a surface treatnent under the treatnment conditions as
described in Table 5. Then, the evaluation tests were perforned. The
obtained test results are shown in Table 5. 38 ONO r OONN OO N O
MNOG N NU) OM ¢~ 0O NU OOO

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 pilece 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 liquld 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 ym on the copper surface.

The surface-treated test piece was subiected to one

cycle of reflow-heating in which the peak temperature was
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240°C using an infrared reflow device (trade name: MULTI-

PRO-306, manufactured by Vetronix Co., Ltd.). Thereafter
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: 0Z-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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{0065]

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 b5,
respectively and subsequently the sclution 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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[0068]
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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dUUU NFF mJ ~\O.. fn aUUNN ruQdQU 2 =F W[0070] According to the test
results as shown in Table 5 and Table 6, it is recognized that in the case
where the surface treatnent was perfornmed using the water-soluble 5
prefl ux containing each of Conpounds A to L as a solubilizing agent and then
sol dering was performed using an eutectic solder or a |lead-free solder, the
solder flowup rate properties and sol der spreadability are greatly

i nproved as conpared with the case of using 10 formc acid or acetic acid as
a solubi |l j@ang) agent, regardless of the kind of im dazole conpounds.
Incidentally, the water-soluble prefluxes prepared in Exanpl es had no odor

but the water-solulliHefddixese oésCoppanatsvesExamphes nhadaharacteristic
irritating 15 odor caused by evaporation of acetic acid or form c acid.

Lo apbci 1167 GO neht S Ner S0P 0 L0t 11 B S ent 15 T Sk 1T ea in the

to specific e reo parent to one skillTed in the

art that varkous 20 anges. .and ifications can be de ther.ejn wthout
departi ngswrfo?ﬁ? hér‘ia‘% I&%ﬁ?oﬁagngggggﬁén%{%hélrsé&g. e wpar e%re—n%0g$% Fcation is

based on Ja ese Pajent. lication No. 2005-150279 filed on May 24, 2005
and Japdﬁ@ggf@%t%ﬂ? %bBFPSggPSE ﬂé.%§6@§4§§§©§5tﬂIQﬂP%ﬁFZS Deceﬁber 9

2005, and the contents are incaorporated_ 44 )
solubilizing agent and then socoldering was performed using

an eutectic solder or a lead-free scolder, 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

44



herein by reference. |Industrial Applicability [0072] 5 Since the

wat er-sol ubl e preflux of the invention contains a |owvolatile carboxylic
acid conmpound as a solubilizing agent for imdazole compounds, it is

possi ble to stably maintain the concentration of the solubilizing 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 filmform ng property of the im dazole
conpound gapebg Byouwghtrawke According to the surface treatnment method of
the 15 invention, a chem cal |ayer can be forned on the surface of a netal
conductive part and hence oxidation of the surface of the netal conductive
part can be prevented. Wen the printed wiring board of the invention is

used, the | e n | conductive part and 20 electronic parts
can be se%ﬁ?gg§9%g?f%ﬁﬁg&cégﬁégﬁ ering. According to the sol dering nethod of

t he invenﬁégg oxi dation of the surface of the netal conductive part can
be preven 4hd hence the sol derability can be nade good. 45 Clains 1. A
wat er - sol ubl e preflux conprising an jm dazol e conpound and a carboxylic acid
conpdund havi ng %;Q%ﬁl%heSWQE?BBﬁOEPBg% PEFLeSEnCdd TR S I ng formul a
1 Formula 1

[ conta%ns a low-volatile carboxylic acid compound as a

solubilizing agent for imidazole compounds, it is
possible to stably maintain the concentration of the
solubilizing agent in the water-scluble 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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R-0O-CH-CHO)-(CH2+-COOH m wherein Rl represents a |inear or branched

al kyl 10 group having 1 to 4 carbon atons, R2 represents a hydrogen atom or
a nmethyl group, mrepresents an integer of 0 to 3, and n represents 1 or 2.
2. The water-soluble preflux according to claim 15 1, which conprises the

i m dazol e compound in a proportion of fromO0.01 to 10% by wei ght and the
carboxylic acid conpound in a proportion of fromO0.1 to 50% by weight. 3. A
surface treatnment nmethod for a metal 20 conductive part, which conprises
bringing the surface of the netal ¢drductive part into contact with the

wat er- sol uble preflux according to claiml or 2. 46 4. A printed wiring
board, wherein the surface of a netal conductive part has been brought into
contact wth the water-soluble preflux according to claim1 or 2. 5 5. A

sol deri ng net hodi. whi chac@rpsbseb1br preifngx thepsurfiace of amidiadle
conductive part into contact with the water-soluble preflux according to
claiml okorpdlfd hRENaPearebXy1d SAULR idGpdtd having 4 to 16

5 carbon atoms represented by the following formula 1:

[Formula 1]

1 — —
R'-O0+CH,—CH—O0 CHg-)n—COOH

R? m

wherein R! represents a linear or branched alkyl
10 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. The water-soluble preflux according to claim
15 1, which comprises the imidazole compound in a proportion
of from 0.01 to 10% by weight and the carboxylic acid

compound in a propeortion of from 0.1 to 50% by weight.

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

soluble preflux according to claim 1 or 2.
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4. 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 or 2.

5. A soldering method, which comprises bringing
the surface of a metal conductive part into contact with
the water-soluble preflux according to claim 1 or 2 and

then performing soldering.
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