-1- COVPOSI ThON FOR CLEANI NG AND PROCESS FOR CLEANI NG FI ELD OF
| NVENTI ON The: present invention relates to a conposition for cleaning and a ( %
process for cleaning. Mre particularly, it relates to a conposition for

‘cl eaning which is based on an.organic solvent, does not contain any hal ogen
conpound, has an excel | ent cleaning abil Ty, and suitable for cl eani ng

printed circuit boards in particular, and a process for cleaning using said
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are soldered to a printed circuit board, a flux is used in order to renove

an oxide layer on the surface of the solder as well as to prevent oxidation
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.sol vents be tot ted by the end of 199 ecause of this
situation, cleaning printed circuit boards in particular, and a process for cleaning

using said composition for cleaning.

PRIOR ART OF THE INVENTION

When electronic parts are soldered to a printed circuit board, a
flux is used in order to remove an oxide layer on the surface of the solder
as well as to brevent oxidation of the solder after the soldering. Residue
formed from the flux after the soldering contains ionic substances,
which causes corrosion of pﬁnted circuits and deterioration of electric
insulation. Therefore, it is necessary that a pﬁnted circuit board be

~ cleaned thoroughly to remove the residue after the soldering.

Heretofore, organic chlorinated solvents, such as 1,1,1-
trichloroethane and the like, and chlorofluorocarbon solvents, such as
CFC-113, have widely been used as the cleaning agent for removing the
residue. However, it has been made clear that these solvents cause
destruction of the ozonosphere, and it has been decided that use of these
solvents be totally prohibited by the end of 1995. Because of this situation,

development of novel cleaning agents which can replace these solvents
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devel opment of novel cleaning agents which can replace these solvents

-2- has urgently been desired. As cleaning agents which can repl ace organic
chkorinated sol vents and chl orof | uorocarbon sol vents, watery sol vents and
hydrocarbon sol vents are becom ng popul ar. However, watery solvents require
a treatnent for water disposal and a procekss for drylng, and are

di sadvant ageous in view of cost. Hydrocarbon solvents are inferior in the
cl eani ng abilithas nrgmﬂydaeeasdemmd)f a flux because of |ow solubility of

i oni ¢ substances, and have not generally been used, _even though these
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sufficient
cleaning ability to remove residue of a flux because of low solubility of

ionic substances, and have not generally been used, even though these
solvents have advantages in that they have lower toxicity than that of
other cleaning solvents, show little effect on resin materials of printed
circuit boards, and are rélaﬁvely inexpensive. A process for enhancing '
cleaning ability of an aliphatic hydrocarbon having 8 to 20 carbon atoms
in average by adding an organic compound having a polar group, such
as an alcohol, an.ether, an ester, a carboxylic acid, or a ketone, has been
proposed (Japanese Patent Applicétion Laid-Open No. Heisei 3(1991)-
146597). However, the cleaning ability of this process is not always

sufficient.

SUMMARY OF THE INVENTION
The 'prese;nt invention accordingly has an object to provide a
composition for cleaning which can replace conventional organic
halogenated solvents, does not cause destruction of the ozonosphere, and
has excellent cleaning ability to remove residue of a flux.
The present invention also has an object to provide a process for

cleaning having the same advantages described above.



The present invention accordingly has an object to provide a conposition
for* cl eaning which can replace conventi onal organi c hal ogenated sol vents,
does not cause destruction of the ozonosphere, and has excellent cleaning
ability to renove residue of a flux. The present invention also has an

ijobj ect to provide a process for cleaning bgving the same advant ages

‘descri bed above. Ext ensi ve investigations undertaken by the present
inventors with the Bhiercive ilorstigatibnabovdertaken by thedpseseneripvehtursawith

cl eaning effect which is equal to or higher than that of organic :

'hal ogenat ed sdheshjectsdeshribed above déadito aclistavery that atnleaniogreffect whicht he
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Thus, the present invention provides:
(1) A composition for cleaning comprising a hydrocarbon solvent and an
organic compound which can coordinate to metal ions;
(2) A composition for cleaning described in (1), wherein the hydrocarbon
solvent is an aliphatic hydrocarbon having 5 to 20 carbon atoms;
(3) A composition for cleaning described in (1) or (2), wherein the
organic compound which can coordinate to metal ions is a coordinating
compound having an oxygen atom as an atom of coordination;
(4) A composition for cleaning described in (3), wherein the coordinating
compound having an oxygen atoms as an atom of coordination is one or
more compounds selected from 1-a1kyl-2-pyrrolidihones,
trialkylphosphine oxides, and dialkylsulfoxides;
(6) A composition for cleaning described in (4), wherein the alkyl group
in 1l-alkyl-2-pyrrolidinones, trialkylphosphine oxides, and
dialkylsulfoxides is a linear alkyl group having 3 to 18 carbon atoms;
(6) A composition for cleaning described in (1), wherein the composition
for cleaning is used_for removing residue of a flux attached to printed

circuit boards;



conpound havi ng an oxygen atom as an atom of coordination; (4) A
conposition for cleaning described in (3), wherein the coordinating
conpound having an oxygen atons as an atom of coordination is one or nore
‘compounds -sel ected from 1-al kyl -2-pyrrolidinones, trialkyl phosphi ne oxi des,
.and di al kyl sul f oxi des; (5) A conpositiorafor cleaning described in (4),
‘wherein the alkyl group in 1-alkyl-2-pyrrolidinones, trialkylphosphine

oxi des, and dipl A kembbsitioteforictesningrdeacribed yh (3),d8) (Bh\Mhoor3(&)pwherenr bon
atons; (6) A conposition for cleaning described in (1), wherein the

conposi tion f ¢ghe Coaspusitionsfonsleanimg contains ghe cygdnic compoundx whichwaad t o
‘printed circuit boards; -4- (7), A conposition for cleaning described in
(1), (2), (3)co¢ertdinate t¢netaliionsiin amamowpbof tiloto 8P &Ireanl dite fft hens
it he organi c compound_whi ch can coordinate to netal ions in an anount of 10
to 300 g per hydreearben sakeentydr ocarbon sol vent; (8) .A process for cleaning
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jarticle for c 0
| hydrocarbon solvent and an organic compound which can coordinate to

metal ions, and subsequently bringing the article for cleaning into
contact with a solvent;

(9) A process for cleaning described in (8), wherein the hydrocarbon
solvent is an aliphatic hydrocarbon having 5 to 20 carbon atoms;

(10) A process for cleaning described in (8) or (9), wherein the organic
compound wﬁich can coordinate to metal ions is a coordinating
compound having an oxygen atom as an atom of coordination;

(11) A process for cleaning described in (10), wherein the coordinating
compound having an oxygen atoms as an atom of coordination is one or
more compounds selected from 1-alkyl-2-pyrrolidinones, |
trialkylphosphine oxides, and dialkylsulfoxides;

(12) A process for cleaning described in (11), wherein the alkyl group in
1-alkyl-2-pyrrolidinones, trialkylphosphine oxides, and dialkylsulfoxides
is a linear alkyl group having 8 to 18 carbon atoms; and

(13) A proces's for cleaning described in (8), wherein the artic_le for
cleaning is a printed circuit board to which residue of a flux is attached.
(14) A process for cleaning according to (8), (9), (10), (11), or (12), wherein

the composition for cleaning contains the organic compound which can



contact with a solvent; (9) A process for cleaning described in (8),

wherein the hydrocarbon solvent is an aliphatic hydrocarbon having 5 to 20
carbon atons; (10) A process for cleaning described in (8) or (9), wherein
the organic conpound whi ch can coordinate to netal ions is a coordinating
conmpound having an oxygen atom as an at®m of coordination; (11) A process
for cleaning described in (10), wherein the coordinating conpound having an
oxygen at onsceardimate tonmetal dongiinaan ampynt ef 1§ tar300 g nglhteg Ofsféleect ed
from 1-alk I-2- rolidinones, trialkylphosphine OX|des and

di al kyl sul f Yé@ﬁa LQ’Z)S Vﬁﬂt@cess for cleaning described in (11), wherein
the al kyl group in 1-al kyl-2-pyrrolidinones, trialkyl phosphi ne oxi des, and
di al kyl sul foxides is a |linear al kyl group having 3 to 18 carbon atons; and
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of the hydro n sol vent.
residue of a flux. Examples of the hydrocarbon solvent include paraffinic

hydrocarbons, such as n-pentane, n-hexane, isohexane, n-heptane,
isoheptane, isooctane, decane, dodecane, hexadecane, icosan, and the
like; olefinic hydrocarbons, such as 1-decene, 1-dodecene, and the like;
naphthenic hydrocarbons, such as cyclohexane, decaline, and the like;
terpene hydrocarbons, such as limonene, pinene, and the like; aromatic
hydrocarbons, such as benzene, toluene, xylene, ethylbenzene, tetraline,
and the like; petroleum ether; peﬁroleum benzine; ligroin; solvent
naphtha; and the like. In the present invention, the hydrocarbon solvent
may be used siﬁgly or as a mixture of two or more types. Among these
hydrocarbon solvents, aliphatic hydrocarbons having 5 to 20 carbon
atoms have superior cleaning ability, an_d' can be used preferably. When
safety is emphasized, it is desirable that a solvent having a flash point of
70°C or higher (a solvent classified into the third petroleum material in
the fourth class, according to the Japanese Fire Services Act), is used.
In the present invention, the hydrocarbon solvent used for the
composition for cleaning comprising an organic compound which can
coordinate to metal ions may be the same as or different from the solvent

which is brought into contact with an article for cleaning after the article



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The hydrocarbon sol vent used in the
présent invention is not particularly limted as |ong as the hydrocarbon
sol vent can dissolve residue of a flux. Exanples of the hydrocarbon sol vent
i ncl ude paraffinic hydrocarbons, such as n-pentane, n-hexane, isohexane,

n- hept ane, isoheptane, isooctane, decane,-6dodecane, hexadecane, icosan, and
the |like; olefinic hydrocarbons, such as 1-decene, 1-dodecene, and the

li ke; napht hefior cheaning:hasnbeens throughtcintoobentacs, witdh 4heneomposition: forke;
terpene hydrocarbons, such as |inonene, pinene, and the like;, aromatic

hydr ocar bons, cleamings benzene, tol uene, xylene, ethyl benzene, tetraline,

| and the |'ike; petrgleum ether; petro] eymbenzine; .|iqgroin, solyent naphtha;
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with-an article for cleaning after the article

phosphine oxide, dialkylsulfoxide, and the like. It is preferred that the

alkyl group in the compounds described above is a linear alkyl group
having 3 to 18 carbons, although the alkyl group may have short side
chains. Specific examples of the coordinating compound include 1-n-
‘octyl-2-pyrrolidinone (NOP), .1-n'-dodecyl-2-pyrrolidinone (NDP), tri-n-
octylphosphine oxide (TOPO), di-n-butylsulfoxide (DBSO), tri-n-
butylphosphine oxide (TBPO), and the like. The composition for cleaning
of the present invention may comprise a single type of the coordinating
compound or two or more types of the coordinating compounds. The
composition for cleaning comprises the coordinating compound
preferably in an amount of 10 to 300 g, more preferably in an amount of
\ 30 to 250 g, per 1 liter of the hydrocarbon solvent. When the coordinating
. compound is comprised in an amount of less than 10 g per 1 liter of the |
| h);drbcarbon solvent, there is the possibility that sufficient cleaning
ability is not e#hibited. When the coordinating compound is comprised
in an amount of more than 300 g per 1 liter of the hydrocarbon solvent,

the cleaning ability is not so much increased as expected from the




for cleaning -has been brought into contact with the conposition for

cl eani ng. The organi c conpound which can coordinate to netal ions used in
the present invention is not particularly limted as |ong as the conpound
can be dissolved in the hydrocarbon sol vent. Exanples of the organic
conpound which can coordinate to netal idns (hereinafter referred to as a
coordi nati ng conpound) i nclude conpounds havi ng an oxygen atom as an atom
of coordinati oameunt ecmprivedy! bit pisr roetasionally decdrehked - coitramrlyi to the
oxi de, dial kylsulfoxide, and the like. It is preferred that the al kyl group
in the corrpoundxpdwt:ometheabasethespmssiblmwthatw;nle rgsinpfithe printed cina@rit
car bons, although the al kyl group nay have short side chains. Specific
exanmpl es of théaoaadrlaua@ters@y ﬁ mmpgmtmno and furthermere @ lasger
(NOP), 1-n-dodecyl -2-pyrrolidinone (NDP), trizn | phosphi ne oxi de
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sol vent. Wen t |na I ng conpoun conprised Tn an anount | ess
than 10 g per }hbidhfifaéthnt Bpophilic nonionic surfactants having lower HLB values

are advantageously used. Examples of such surfactant include
polyoxyethylene alkyl ethers, alkylamine oxides, silicone surfactants,
such as silicones modified with polyethers_, and the like. Examples of the
anticorrosion agent include mercaptobenzothiazole, benzotriazole, and
the like.

In the process for cleaning of the present invention, an article for
cleaning is first brought into contact with the composition for cleaning
comprising a hydrocarbon solvent and a coordinating compound. The
process for cleaning of the present invention exhibits particularly
excellent effect when the article for cleaniﬁg is a printed circuit board
which has been coated with a flux and soldered. Residue of the flux
attached to the printed circuit board can be efficiently removed. The
manner in which the article for cleaning is brought into contact with the
composition for cleaning is not particularly limited. For example, the
article for cleaning may be dipped into the composition for cleaning, or
the composition for cleaning may be sprayed on the article for cleaning.

When the article for cleaning is dipped into the composition for cleaning,



hydr ocarbon sol vent, there is the possibility that sufficient cleaning .
ability is not exhibited. Wen the coordinating conpound is conprised in an
anbunt of nore than 300 g per 1 liter of the hydrocarbon solvent, the
cleaning ability is not so nuch increased as expected fromthe -7-
amount conprised, but is occasionally decrgased contrary to the

expect ation, there is the possibility that the resin of the printed circuit
board is advertisd ¢ledring can the aitcelevateds byi stirringd shakingr irvadiatingryith
amount of a rinsing fluid is required after the cleanin The, conmposi tion
for cleaning oaltragomiceave, i o the|like nmhesbmcewm he&h@&r&!ﬁeﬁﬁl@lﬁh@f
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i nvention, an eaning Is |rst brought into contact with the
conposition for clepRithd process for cleaning of the present invention, the article for

cleaning which has been brought into contact with the composition for
cleaning is then brought into contact with a solvent. By bringing the
article for cleaning into confact with the solvent, the coordinating
compound and the metal complexes thereof which remain attached to
the article for cleaning together with the composition for cleaning is
removed from the article for cleaning by the rinsing effect of the solvent.
In the present invention, the solvent which is brought into contact with
the article for cleaning which has been brought into contact with the
composition for cleaning is not particularly limited as long as the solvent
has compatibility with-the hydrocarbon solvent in the composition for
cleaning and can dissolve the coordinated compounds. Examples of the
solvent include hydrocarbon solvents which can be used in the
composition for cleaning as well; alcohol solvents, such as ethanol,
isopropanol, and the like; ester solvents, such as ethyl formate, ethyl
acetate, and the like; and ketone solvents, such as acetone, methyl ethyl
ketone, and the like. The manner in which the article for cleaning is
brought into contact with the solvent is not particularly limited, and
dipping, spraying, cleaning with vapor, or the like, may be adopted.
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conprising a hydrocarbon solvent and a coordi nati ng conpound. The process
for- cleaning of the present invention exhibits particularly excellent
effect when the article for cleaning is a printed circuit board which has
been coated with a flux and sol dered. Residue of the flux attached to the
printed circuit board can be efficiently reswved. The manner in which the
article for cleaning is brought into contact with the conposition for

cl eaning i s not par{TheUbsmipssitioh t foe- clléahlﬁéa@mltne pP@seaitt isvénfien ediedd ng
may be di pped into the conposition for cleaning, or the conposition for

cleaning may beorgideyed tonexhibitrthec partieulaylgaekdeilentheffect fonrdleahing ar
cleaning is dipped into the conposition for cleaning, t he cl eaning can

be accel er at edphintediciréuit) boand kormhidlr residaei ofga Mluxhis attached because, ther
the Iike, when necessary. Wien the article for cleaning is _a printed
circuit board ceordimatingccompeund latanaaks waith imetalceompounds Rregemt ansthen
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cleaning is then. arought into contact with a solvent. By bringing the
article for cl ¥ into contact with the solvent, the coordinating

To summarize the advantages of the invention, according to the
composition for cleaning and the process for cleaning of the present
invention, residue of a flux on a printed circuit board can be dissolved
and removed efficiently without using any organic halogenated solvent

which causes destruction of the ozonosphere.

EXAMPLES
The invention will be understood more readily with reference to
the following examples; however, these examples are intended to
illustrate the invention and afe not to be construed to limit the scope of

the invention.

Example 1

A small printed circuit board [a product of San Hayato Co., Ltd.;
ICB-86G; size, 36 x 46 mm)] was coated twice with 0.2 ml of a flux [a
product of Nippon Handa Co., Ltd.; Rapix RA], and left standing for
drying. The dried board was soldered in a soldering tank at 260°C, and
the product was used as the article for cleaning. |



conpound and the netal conpl exes thereof which remain attached to the
article for cleaning together with the conposition for cleaning is renoved
fromthe article for cleaning by the rinsing effect of the solvent. In the
present invention, the solvent which is brought into contact with the
article for cleaning which has been broughp-into contact wth the
conposition for cleaning is not particularly limted as |long as the sol vent
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dipped into the composition for cleaning. The article for cleaning was
cleaned for 2 minutes under stirring of the composition for cleaning with
a stirrer. Then, the article for cleaning was taken out from the vessel,
dipped into n-hexane for 30 seconds for rinsing, and then dried with a
drier.

The small printed circuit board thus cleaned and dried was dipped
into 75 ml of a 75 % by volume aqueous solution of isopropyl alcohol, and
residue of the flux was extracted with the solution under irradiation of
ultrasonic wave for 5 minutes; The electric conductivity of the extract

was measured, and found to be 0.85 uS/cm.

Example 2

The same procedures as those in Example 1 were repeated except
that 1-n-octyl-2-pyrrolidinone (NOP) was added in an amount of 92.1 g
(0.467) in place of 46.0 g (0.233 mol) in Example 1. The electric
conductivity of the extract was 0.62 uS/cm.

Example 3
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printed circuit board and in the residue of a flux, to form conpl exes
sotubl e in a hydrocarbon solvent, and thus increases solubility of the
residue. To sunmari ze the advantages of the invention, according to the
conposition for cleaning and the process for cleaning of the present
invention, residue of a flux on a printedleircuit board can be dissol ved
and renoved efficiently wi thout using any organic hal ogenated sol vent which

causes destruction THe tshmé)ﬁ 2 eb@é as thoddfh ESxamipld N\Wweekd Pépé/atba étept
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understood nore readily wt rence to the follow ng exanpl es; however,
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mm was coated twice with 0.2 m of a flux [a product of Ni ppon Handa Oo
Ltd.: Rapix RA}, Thacleetric eondugtivifyrofitherextract wasO&L wd/cBbar d was sol der ed
in.a sol dering tank at [err] and the product was used as the article for

cl eani ng. -10-

Example 4

The same procedures as those in Example 3 were repeated except
that 1-n-dodecyl-2-pyrrolidinone (NDP) was added in an amount of 118.3
g (0.467 mol) in place of §9.0 g (0.233 mol) in Example 3. The electric
conductivity of the extract was 0.65 uS/cm.

Example 5

The same procedures as those in Example 1 were repeated except
that 36.0 g(0.093 mol) of tri-n-octylphosphine oxide (TOPO) was added in
place of 46.0 g (0.233 mol) of 1-n-octyl-2-pyrrolidinone (NOP) in Example
1. The electric conductivity of the extract was 0.79 uS/cm.

Example 6

The same procedures/as those in Example § were repeated except
that tri-n-octylphosphine oxide (TOPO) was added in an amount of 90.1 g
(0.233 mol) in place of 36.0 g (0.093 mol) in Example 5. The electric
conductivity of the extract was 0.65 uS/cm.

Example 7

The same procedures as those in Example 5 were repeated except



To 1,000 m of n-hexane, 46.0 g (0.233 mol) of 1-n-octyl-2- pyrrolidinone
(NCP) was added and conpletely dissolved under stirring to prepare a
conposition for cleaning. The prepared conposition for cleaning in an
amount of 75 nml was placed in a stainless steel vessel, which was then

di pped into a thernostatted water bath kept2-at [err]. V%en t enper ature of
t he conposition for cleaning reached [err], the article for cleaning was

di pped into thghaeRPRAidctPHHos hﬁi@@ﬁd@@(TOPe)avas gtided 9n &l asvuiy 0f380.6
cl eaned for 2 mnutes under stlrrlng of the conposition for cleaning with a

stirrer. Then, g (&:467tmolkid placd 6f36!Q) g(0:093./mol) dni Ekamplers VBlss electric
di pped into n-hexane for 30 seconds for rinsing, and then dried with a
drier. The snalcbnduchMafﬂxethrwawdsﬂtﬁﬂsuS!m.ned and dried was di pped
into 75 mM of a 75 % by vol une aqueous sol ution of isopropyl alcohol, and
resi due of the flux was extracted wth the solution under irradiation of
ultrasonic wave _for 5 mnutes. The electric conductivity of the extract was
measur ed, and flexample8pe 0. 85 [err] S/cm Exanple 2 The sanme procedures as

(NOP) was added i n FO AR Docegsres gs Bioe i Erdinele I B sopedteflotoept

) in Ex I
[ne)r 3 ] IS? cm aEE a%%@ 3?? g0 933 ﬁl%l)co?m%-i)hﬂltsm&&e%%m Wds dodedirPplace of
46.0 g (0.233 mol) of 1-n-octyl-2-pyrrolidinone (NOP) in Example 1. The

electric conductivity of the extract was 0.81 uS/cm.

Example 9

The same procedures as those in Example 8 were _repeafed except
that di-n-butylsulfoxide (DBSO) was added in an amount of 75.8 g (0.467
mol) in place of 37.8 g (0.233 mol) in Example 8. The electric conductivity
of the extract was 0.79 uS/cm.

Example 10

The same procedures as those in Example 1 were repeated except
that 50.9 g (0.233 mol) of tri-n-butylphosphine oxide (TBPQO) was added in
place of 46.0 g (0.233 mol) of 1-n-octyl-2-pyrrolidinone (NOP) in Example
1. The electric conductivity of the extract was 0.70 pS/em. |

Example 11
The same procedures as those in Example 1 were repeated except

that 1,000 ml of n-dodecane was tised in place of 1,000 ml of n-hexane,



The sane procedures as those in Exanple 1 were repeated except that 59.0 g
(0..233 nol) of 1-n-dodecyl-2-pyrrolidinone (NDP) was added in place of 46.0

g (0.233 nol) of 1-n-octyl-2-pyrrolidinone (NOP) in Exanple 1. The electric
conductivity of the extract was 0.81 [err]S/cm Exanple 4 The sane

procedures as those in Exanple 3 were repemted except that

1- n-dodecyl - 2-pyrrolidinone (NDP) was added in an anount of 118.3 g (0. 467
mol ) in place aid 59.00g §0233231y6t! 1-n-dodecelpipyrdolidinone QFDP) vasadded iini t y
of the extract was 0.65 [err]S/cm Exanple 5 The same procedures as those
in Exanple 1 vlaee nfd60 gd0233mol} bhl-B6ctyl-@pyfivlidimine GYOP) in Example

tri-n-octyl phosphi ne oxide (TOPO was added in place of 46.0 g (0.233 nol)

of 1-n-octyl - Z.pTheelectriccondurtirityi of the expract wasT@87euSfem.i ¢ conductivity
of the extract was 0.79 [err]S/cm Exanple 6 The sanme procedures as those
in Exanpl e 5 were repeated except that tri-n-octyl phosphi ne oxi de (TOPO
was added in zig am)imt of 90.1 g (0.233 nol) in place of 36.0 g (0.093 nol)
i n Exanpl e 5. &d?ric conductivity of the extract was 0.65 [err]S/cm

Exanple 7 The same procedures as those in Example 1 were repeated except

that 1,000 ml of 1-dodecene was used in place of 1,000 ml of n-hexane, and
90.1 g (0.233 mol) of tri-n-octylphosphine oxide (TOPO) was added in place
of 46.0 g (0.233 mol) of 1-n-octyl-2-pyrrolidinone (NOP) in Example 1. The
electric conductivity of the extract was 0.81 uS/cm.

Example 13

The same procedures as those in Example 1 were repeated except
that 1,000 ml of decaline was used in place of 1,000 ml of n-hexane, and 1-
n-octyl-2-pyrrolidinone (NOP) was added’ in an amount of 92.1 g (0.467) in
place of 46.0 g (0.233 mol) in Example 1. The electric conductivity of the
extract was 0.71 uS/em.

Example 14

The same procedures as thdse in Example 1 were repeated except
that 1,000 ml of Teclean N-20 [a product of Nippon Oil Co., Ltd.; a
naphthenic solvent] was used in place of 1,000 ml of n-hexane, and 1-n-
octyl-2-pyrrolidinone (NOP) was added in an amount of 92.1 g (0.467) in
place of 46.0 g (0.233 mol) in Example 1. The electric conductivity of the

extract was 0.75 pS/cm.



The sane procedures as those in Exanple 5 were repeated except -12- that
tri=n-octyl phosphi ne oxide (TOPO was added in an anmount of 180.6 g (0. 467
nol) in place of 36.0 g (0.093 nol) in Exanple 5. The electric conductivity
of the extract was 0.59 [err]S/cm Exanple 8 The sane procedures as those
in Exanple 1 were repeated except -that 341& g (0.233 nol) of

di - n-butyl sul f oxi de (DBSO) was added in place of 46.0 g (0.233 nol) of
1-n-octyl-2-pyrrolidinone (NOP) in Exanple 1. The electric conductivity of
the extract was 0.81 [err]S/cm Exanple 9 The sane procedures as those in
Exanpl e 8 wer eExanmplédd except that di-n-butylsul foxide (DBSO was added in
an anount of 75.8 g (0.467 nol) in place of 37.8 g (0.233 nol) in Exanple
8. The el ectric conThetsarne\proteduressasa thase imExanﬂ.ée[]em}‘SlmpeaEdam@tlo
The sane procedures as those in Exanple 1 were repeated except that 50.9 g

(0.233 nol) of thati 1,900l pHksioderene was nsedinmincepk1,.0004ul phnthexanesands o
g (0.233 nol) of 1-n-.qctyl-2-pyrrolidinone .1 n Exanpl ~alhe el ric
conductivity of-m-Aetyl PWMO’EE bﬁgh’gr"i’ﬂﬂs&l@g} in i aiobint of 92: g ©.461)
"~ in place of 46.0 g (0.233 mol) in Example 1. The electric conductivity of
the extract was 0.83 uS/cm.

Comparative Example 1
A composition for cleaning containing 95 % by weight of CFC-113
~and 5 % by weight of ethanol in an amount of 75 ml was placed in a
stainless steel vessel, which was then dipped into a thermostatted water
bath kept at 25°C. When temperature of the composition for cleaning

reached 25°C, an article for cleaning which was the same as that used in
Example 1 was dipped into the composition for cleaning. The article for
cleaning was cleaned for 2 minutes under stirring of the composition for
cleaning with a stirrer. Then, the article for cleaning was taken out
from the vessel, dipped into CFC-113 for 30 seconds for rinsing, and then
dried with a ﬁrier. B

The small printed circuit board thus cleaned and dried was dipped
into 76 ml of a 76 % by volume aqueous solution of isopropyl alcohol, and
residue of the flux was extracted with the solution under irradiation of
ultrasonic wave for 5 minutes. The electric conductivity of the extract

was measured, and found to be 0.86 uS/cm.



Exanpl e 11 The sane procedures as those in Exanple 1 were repeated except
that 1,000 mM of n-dodecane was used in place of 1,000 m of n-hexane,
-13- and 59.0 g (0.233 nol) of 1-n-dodecyl-2-pyrrolidinone (NDP) was added
~in place of 46.0 g (0.233 nol) of 1-n-octyl-2-pyrrolidinone (NOP) in
Exanple 1. The electric conductivity of-l6he extract was 0.87 [err]S/cm
Exanpl e 12 The sane procedures as those in Exanple 1 were repeated except

that 1, 000 mMQCgwh drgtive Bxagnples2 used in place of 1,000 m of n-hexane, and
90.1 g (0.233 m)?) of tri-n-octyl phosphi ne oxide (TOPO was added in place

of 46.0 g (0.233 Mpl)1-Brichloreethghe’impyan dmduntnef {SCR)] wasEplageldein.a The

el ectric conductivity of the extract was 0.81 [err]S/cm Exanple 13 The

sane proceduséaindess dtech vieasalx whick waswthen dipped intoca thermpbtatted sadeni of

decaline was used in place of 1. 000 ml of n-hexane, and 1-, .

n- oct yl - 2- pyheshi keplont 3596°) When dempenature, of thencomposition fpr( deaning i n

I f 46.0 g (O 1) i I T | ectr,i duct. vi t th

place of 46, 0 goly SRRc RL e i St e b TS 1 08! S oSO At idodln 1
Example 1 was dipped into the composition for cleaning. The article for
cleaning was cleaned for 2 minutes under stirring of the composition for
cleaning with a stirrer. Then, the article for cleaning was taken out
from the vessel, dipped into 1,1,1-trichloroethane for 30 seconds for
rinsing, and then dried with a drier.

The small printed circuit board thus cleaned and dried was dipped
into 75 ml of a 75 % by volume aqueous solution of isopropyl alcohol, and
residue of the flux was extracted with the solution under irradiation of
ultrasonic wave for 5§ minutes. The electric conductivity of the extract

was measured, and found to be 0.88 uS/cm.

Comparative Example 3

n-Hexane in an amount of 75 ml was placed in a stainless steel
yessel, which was then dipped into a thermostatted water bath kept at
25°C. When temperature of the composition for cleaning reached 25°C,
an article for cleaning which was the same as that used in Example 1
was dipped into the composition for cleaning. The article for cleanihg
was cleaned for 2 minutes under stirring of the composition for'cleaning
with a stirrer. Then, the article for cleaning was taken out from the

vessel, dipped into n-hexane for 30 seconds for rinsing, and then dried



The sane procedures as those in Exanple 1 were repeated except that 1,000
m of Teclean N-20 [a product of N ppon G| Co., Ltd.; a naphthenic
solvent] was used in place of 1,000 ml of n-hexane, and 1-n-

octyl -2-pyrrolidinone (NOP) was added in an anount of 92.1 g (0.467) in
place of 46.0 g (0.233 nol) in Exanple 1.-Yhe electric conductivity of the
extract was 0.75 [err]S/cm -14- Exanple 15 The sane procedures as those
in Exanpl e 1 wpith hedgat.ed except that 1,000 m of 1-dodecene was used in
pl ace of 1,000 m of n-hexane, and 1-n-octyl-2-pyrrolidinone (NOP) was

added in an amount The%inéll?riﬂeﬂﬁéﬁ'cdiﬂ bohfd ¢has cléaediahd. &3ed wds dipped

Exanple 1. The electric conductivity of the extract was 0.83 [err]S/cm
Conpar ati ve Exiartpl# fnlAfeo@p@biby voluime aqiecus sglutiont of isoppod alcolyolyainght
of CFC-113 and 5 % by wei ght of ethanol in an amount of 75 nml was_placed in
a stainl ess stresiduexfdhe fihk Wwasestracbed avithdhei snlution hodep drradiationaefor

bath kept at [err] Wen tenmperature of the conposition for cle nhng reached
[err], an artiultzaseniccwaye fox) Snminutesas Thecelegtyic £0 tivilye ot the sxiraste 1

ves. 0l pped 1 1Q e COMRI b Huld v b W gkl 2 1ele Tor

Comparative Example 4

An article for cleaning which was the same as that used in
Example 1 was dipped into 75 ml of a 75 % by volume aqueous solution of
isopropyl alcohol directly without cleaning with a cleaning agent, and
residue of the flux was extracted with the solution under irradiation of
ultrasonic wave for 5 minutes. The electric conductivity of the extracted
solution was measured, and found to be 2.37 pS/cm.

The results of Examples 1 to 15 and Comparative Examples 1 to 4

are shown together in Table 1.



cl eaning was cleaned for 2 mnutes under stirring of the conposition for
cleaning with a stirrer.
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and dried was di pped

Example 2
Example 3
‘Example 4
Example 5
Example 6
Example 7
Examplg 8
Example 9
Example 10
Example 11 .
Example 12
Example 13
Example 14

Example 15

Comparative
Example 1

Comparative
Example 2

Comparative
Example 3

Comparative
Example 4

n-hexane 1,000 NOP 0.467 92.1 0.62
n-hexane 1,000 NDP 0.233 59.0 081
n-hexane 1,000 NDP 0.467 118.3 0.65
n-hexane 1,000 TOPO 0.093 36.0 0.79
n-hexane 1,000 TOPO 0.233 90.1 0.65
n-hexane 1,000 TOPO 0.467 180.6 0.59
n-hexane 1,000 DBSO 0233 378 - 0.81
n-hexane 1,000 DBSO 0.467 75.8 0.79
n-hexane 1,000 TBPO 0.233 50.9 0.70
n-dodecane 1,000 NDP 0233 59.0 0.87
1.dodecene 1,000 TOPO 0.233 90.1 0.81
decaline 1,000 NOP 0.467 92.1 0.71
Teclean 1,000 NOP 0.467 92.1 0.78
N-20
1-dodecene 1,000 NOP 0.467 92.1 0.83
CFC-113 (95 % by weight) + ethanol (5 % by weight)  0.86
1,1,1-trichloroethane 0.88
n-hexane 181
no cleaning 237

o

O OO0 O0OP OO0OO0OOO0OOO0OO

Note: NOP: 1-n-octyl-2-pyrrolidinone

NDP:

1-n-dodecyl-2-pyrrolidinone
" TOPO: tri-n-octylphosphine oxide



into 75 mM of a 75 % by vol ume aqueous sol ution of isopropyl alcohol, and
residue of the flux was extracted with the solution under irradiation of
ultrasonic -wave for 5 mnutes. The electric conductivity of the extract
was neasured, and found to be 0.88 [err]S/cm Conparative Exanple 3

n- Hexane in an amount of 75 m was pl aced-i& a stainless steel vessel,

whi ch was then dipped into a thernostatted water bath kept at [err]. Wen

tenperature of the ﬁﬁggosdl_tdmylgﬂ?oxedeeam ng reached [err], an article for
cl eani ng which was the sane as used in Exanple 1 was dipped into the

conposition for cl eBAPPg trimigbtelphesehigergidec| eani ng was cl eaned for 2

‘m nutes under stirrTékaniN-2dica pRERASF Nigpon 0 Cd, 1A b Rgphthédic olednt I 1 er .
Then, the article for cleaning was taken out fromthe vessel, dipped into

in- hexane for 30 seconds for rinsing, and then dried - 16- mnth a drier.
The smal|l printed circuit board thus cleaned and dried was dipped into 75
‘M of a 75 % by vol The elegteisieonshictivitgnobaniextracssan be regardedasi andadese

of the flux was extracted with the sol utjon under i rradi ation of ultras nlc
wave for 5 mi rtepsesentingdhecampunt of esidug of the fluxremaining opthepxinte

f 1.81
and found to btgrcui% b%a;'(ri] gé,tcerp the cleaning. A smaller value of the electnc

conductivity shows that residue of the flux has been cleaned to a better
extent. The results of the measurements of the electric conductivity of
the extracts are shown together in Table 1. In Table 1, the effect of
cleaning is indicated according to the following classification wherein
the cleaning effect was compared with that of a conventional cleaning
agent, such as CFC-113 or 1,2,2-trichloroethane:
- O:  better
A:  about the same
x:  inferior
In Comparative Example 1 in which the article for cleaning was

treated with a cleaning agent comprising, as the main component
thereof, a chlorofluorocarbon solvent (CFC-113) which is a conventional
organic halogenated solvent, and in Comparative Example 2 in which
the article for cleaning was treated with a cleaning agent comprising, as
the main component thereof, 1,1,1-trichloroethane which is a
conventional organic halogenated solvent, the electric conductivities of
the extracts were 0.86 and 0.88 uS/cm, respectively. In Comparative
Example 3 in which the articie for cleaning was treated only with n-

hexane which is a type of hydrocarbon solvent, the electric conductivity of



Conparative Exanple 4 An article for cleaning which was the sane as that
used in Exanple 1 was dipped into 75 m of a 75 % by vol unme aqueous

sof ution of isopropyl alcohol directly without cleaning with a cleaning
agent, and residue of the flux was extracted with the sol ution under
irradiation of ultrasonic wave for 5 m nwl®s. The el ectric. conductivity of
the extracted solution was neasured, and found to be 2.37 [err]S/cm The

resul ts of Exaghé Qﬁ:tiaétowhﬁ BBY fByennr Ahe/ eesultrghowes thiat theacleanimgveffect

together in Table 1. 17- Table 1 hydrocarbon solvent coordinating
conpound el evdy infem’rfmCﬂut vase. Iantomtrast, inExamples 1aool@tin which the
conductivity of (m) (nol) (9) ([err]S/cm cleaning,
Exanple 1 ncompuosétionsOfar cleaning olb the3 presenticirivention. smpnsu-{gara]
Exanpl e 2 n- hexane 1, 000 NOP 0.467 92. 1 0.62

Exanple 3  ncaendingting cgmpoundpn addmczgio n-hexgpecin anoampunt to n@)ake
Exanpl e 4 n exane 1,000 118. 3

Exanpl e 5 e £aneentration 0. OQ%DO 0468 iter wag GlsGd the G.ﬁ?g"’ of cleagmg
Exanpl e 6 n hexane

was remarkélﬁy mcreaseg and an eﬁ'ect of cleamng wln%hGiSS equal 8) or
better than that of the conventional cleaning agents could be obtained.
When a hydrocarbon solvent other than n-hexane, such as n-dodecane
(Example 11), 1-dodecene (Examples 12 and 15), decaline (Example 13), or
a naphthenic solvent (Example 14), was used, an effect of cleaning which
is equal to or higher than that of the conventional cleaning agents could
be obtained by adding a coordinating compound.

Comparative Example 5
The same procedures as those in Example 1 were repeated except
thét 23.4 g (0.233 mol) of cyclohexanol was added in place of 46.0 g (0.233
mol) of 1-n-octyl-2-pyrrolidinone (NOP) in Exampie 1. The electric
- conductivity of the extract was 1.41 p,S/cm

Comparative Example 6

The same procedures as those in Comparative Example 5 were
repeated except that cyclohexanol was used in an amount of 73.3 g (0.732)
in place of 23.4 g (0.233 mol) in Comparative Example 5. The content of
cyclohexanol in the mixed solution was 10 % by weight. The electric
conductivity of the extract was 1.19 uS/em.



Exampl e 7 n- hexane 1, 000 TOPO 0. 467 180. 6 0.59

0-

Exanple 8 n- hexane 1, 000 DBSO - 0. 233 37.8 0.81 0
 Exanple 9 n- hexane 1, 000 DBSO 0. 467 75.8 0.79 0

Exanpl e 10 - n-hexane 1,000 TBPO 0. 233 50.9 0.70 0
 Exanpl e 11 n- dodecane 1, 000 NDP 82033 59.0 0. 87 [err]
 Exanpl e 12 1-dodecene 1,000 TOPO 0. 233 90.1 0.81 0
| Exanpl e 13 decaline 1,000 NOP 0. 467 92.1 0.71 0
'Exanpl e 14 Tecl ean 1, 000 NOP 0. 467 92.1 0.75 0 N-20
 Exanpl e 15 1¢g tive Exd&ple 7 NOP 0. 467 92.1 0.83 0

Conparative CFC- 113 (95 % by weight) + ethanol (5 % by weight) 0.86 -

Exanpl e 1 Conpar at The sanie procedures as thosetinaBxample 1 were repeated exceptss

Exanpl e 2 Conparative n- hexane 1.81
x Exanpl e 3 Gthata3h8ig 0.238anel) of diethylene glycol monoethyl ether was added inp 37

| x Exanple 4 Note: NOP: 1-n-octyl-2- i i D: )
‘ 1- n- dodecy! - 2pPlageraf| 4&0 @(@2&%}1/@91) IOE ?ﬁﬁf%&qwgmﬁ@%@&? ) in Example

1. The electric conductivity of the extract was 1.27 uS/cm.
-

Comparative Example 8

The same procedures as those in Example 11 were repeated except
that 23.4 g (0.233 mol) of cyclohexanol was added in place of 59.0 g of 1-n-
dodecyl-2-pyrrolidinone (NDP) in Example 11. The electric conductivity
of the extract was 1.50 uS/cm. |

Comparative Example 9

The same procedures as those in Example 11 were repeated except
that 31.3 g (0.233 mol) of diethylene glycol monoethyl ether was added in
place of 59.0 g of 1-n-dodecyl-2-pyrrolidinone (NDP)' in Example 11. The
electric conductivity of the extract was 1.42 uS/cm.

The results of Comparative Examples 5 to 9 are shown together in
Table 2. ’




DBSO. di - n-butyl sul foxi de TBPO. tri-n-butyl phosphi ne oxi de Tecl ean N-20: a
product of N ppon Gl Co., Ltd., a naphthenic solvent The electric
conductivity of an extract can be regarded as an index representing the
anmount of residue of the flux remaining on the printed circuit board after
the cleaning. A smaller value of the el ectpjc conductivity shows that
residue of the flux has been cleaned to a better extent. The results of the
measurenents of the electric conductivi ty.ﬁhet e extracts are shown
together in Table 1. In Table 1, the effect of cleaning is indicated
according to the=fofToOWng crassificari om Wereirm tne cleaning erfect was
conpared with that of a caiydesehibenablveateani Ng agdedicompodrdd as CFC- 1iRectric
1,2,2-trichloroethane: 0: better A - about the sane Xx: inferior In

Comparative Exanple 1 in V\hg%g t henélde! cl e fﬁ;gecl eani ng.M@e trealadudility @
t n a

cl eani ng agent conpri sing, he marn conponent thereof,

chl or of | uor ocar bon sol vent (CFC-llé%l which is a coann‘Er'—r gani

hal ogenat ed sol vent, and in Conpar Pve Exanple 2 in ®abPch tﬁé ar ?’F@Fﬁ‘)for
cleaning was tr ' ' ' 5+ '

-eat-ed—wth—a—eteanr-rg—agert—eorprStHRg—as—the—fFat——
conponent there@c;?ﬁ%a?’?%- (tanlr'iéc L,gro%daane %@Q,‘L%I? C&%ﬂtiﬁ:}éﬂ' orggi c

hal ogenat ed sol \g ple ric éonduct | Ies o

Comparative n-hexane 1,000 cyclohexanol 0.732 73.3 1.19
Example 6 :

Comparative n-hexane 1,000 diethylene glycol 0233 313 1.27
Example 7 monoethyl ether

Comparative n-dodecane 1,000 cyclohexanol 0233 234 150
Example 8

Comparative n-dodecane 1,000 diethylene glycol 0.233 313 142
Example 9 monoethyl ether

It can be understood that in Comparative Examples 5 and 7 in
which a cleaning agent prepared by adding 0.233 mol of cyclohexanol or
diethylene glycol monoethyl ether in place of a coordinating compound to
1,000 mol of n-hexane was used, the electric conductivity of the extract
was higher, and cleaning of residue of the flux was insufficient in
comparison with those in Examples 1, 3, 6, 8, and 10 in which a
composition for cleaning prepared by adding the same amount in mol of
a coordinating compound was used. Furthermore, in Comparative
Example 6 in which a larger amount o_f cyclohexanol was added and the

content of cyclohexanol in the cleaning agent was increased to 10 % by



the extracts were 0.86 and 0.88 [err]S/cm respectively. In Conparative
Exanple 3 in which the article for cleaning was treated only with n- hexane
which is a type of hydrocarbon solvent, the electric conductivity of

-19- the extract was 1.81 [err]S/cm The result shows that the cleaning
effect was inferior in this case. In corgz-ast, in Exanples 1 to 10 in which
the conpositions for cleaning of the present invention conprising a

coor di nating cwmghﬂcimgr@t%éﬂtoaf tRe ’bﬁlﬁ%adfeclieﬁnﬂf%%'%ttﬁgﬁﬁ‘f&ﬂd}%nd
concentration 0.093 to 0.0467 nol/liter was used, the effect of cleaning

was remar kabl y theceffectcdf éledniig ewhs Cinfetiod! eanihizg ofi édhventton@l orgafiic
better than that of the conventional cleaning agents coul d be obtained.

MWhen a hydr ocahiatogenaited rsolwerits: Irh fSomparative Exampleas8 mmtb @cimwehichxthepl e
11), 1-dodecene &Exml es 12 and 15), decaline (Exanple 13), or a

napht heni ¢ sol hydroqazhanpselvent in the deaningiagent aas changed from nHhexanes
iequal to or higher. than that of the, conventional cleaning agents coul d be
obt ai ned by ad8e mydgdeeaneii tha iwtwnmémtlwrﬂfapéttgeeemm avererrathene

LS bl R bR o e
mol ) of cyclo sl _ ; ; _
:1' n-octyl -2- pyhrlgd’ 'e%'eﬂ%ﬁexg %&d&c@n@%gg lu%e&'as-rﬁx% &h%&ﬁ{,' & sufficient effect of

cleaning could not be obtained by the combination with cyclohexanol or

diethylene glycol monoethyl ether.
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onduct|V|ty of ct was 1.41 [err]S/cm Conparative Exanple 6 The

sane procedures ratlve Exanpl e 5 were repeat ed except t hat

cytl ohexanol Cj unt of 73.3 g (0.732) in pl :
Ay

(0.233 nol ) in Ie 5. The content of cycl opeRHBSHEER Hy
m xed sol ution was. 10 %by wei ght. The el-@38tric conducti vi of RERLADED
was 1.19 [err]S/cm -20- Conparative Exanple 7 The sane pr
t hose in Exanp E‘Mﬁdl gxecept that 31.3 g (0.233 nol) of

di et hyl ene gl yco m)noe? er was added in place of 46.0 g (0.233 nol)
of 1-n-octyl-2-pyrrolidinone (NOP) in Exanple 1. The electric conductivity
of the extract was 1.27 [err]S/cm Conparative Exanpl e 8 The sane
procedures as tihoaecorpbiRio forldedRiry e&agaisﬁs!g@m ochbbén Zdlvertt 4Rd 33
mol ) of cycl ohexanol mas added in place of 59.0 g o

dodecyl - 2- pyr r ergahizocompdivhd whichxearmeordinatéhty nietal ion:s conductivity of
the extract was 1.50 [err]S/cm Conparative Exanple 9 The sane procedures

as those in Exanple 11 were repeated except

2. A composition for cleaning according to Claim 1, wherein the

| .
li ' _ hydrocarbon solvent is an aliphatic hydrocarbon having 5 to 20 carbon

atoms.

3. A composition for cleaning according to any of Claims 1 and 2,
wherein the organic compound which can coordinate to metal ions is a
coordinating compound having an oxygen atom as an atom of

coordination.

4. A composition for cleaning according to Claim 3, wherein the
coordinating compound having an oxygen atoms as an atom of
coordination is one or more compounds selected from 1-alkyl-2-

pyrrolidinones, trialkylphosphine oxides, and dialkylsulfoxides.

5. A composition for cleaning according to Claim 4, wherein the alkyl
group in 1l-alkyl-2-pyrrolidinones, trialkylphosphine oxides, and
dialkylsulfoxides is a linear alkyl group having 3 to 18 carbon atoms. '

6. A composition for cleaning according to Claim 1, wherein the

composition for cleaning is used for removing residue of a ﬂﬁ:_: attached

QLT




that 31.3 g (0.233 nol) of diethylene glycol nonoethyl ether was added in
pl-ace of 59.0 g of 1-n-dodecyl-2-pyrrolidinone (NDP) in Exanple 11. The
.efectric conductivity of the extract was 1.42 [err]S/cm The results of

Conparative Exanples 5 to 9 are shown together in Table 2. Table 2
~hydrocar bon sol vent added conpound -24- el ectric type anount

type anount conductivity (m) (nol) (9)
([err]S/cm Aintbd \tSreuit 1, 000 cycl ohexanol 0. 233 23. 4

1. 41 Exanpl e npdgatlve Bﬁ- exane 1,000 cycl ohexanol 0.732 73.3
1.19 Exanple 6 Conparative n-hexane 1,000 diethylene glycol 0.233 31.3
1.27 Exanple 7 nonoet hyl et her Conparative n-dodecane

1, 000 cycl phexeomipositior? &6t cleaRing accordiy tocanylof Clatasly 233, Mg and 5,
n- dodecane 1,000 diethylene glycol 0.233 31.3 1.42 Exanmple 9
nonoet hyl et hwhereirc #hebeompdsitivro for idledning Comtzinat thee ofgamiel esmpoand 7
in

which can coordinate to metal ions in an amount of 10 to 300 g per 1 liter

of the hydrocarbon solvent.

8. A process for cleaning which comprises bringing an article for
cleaning int6 contact with a composition for cleaning comprising a
hydrocarbon solvent and an organic compound which can coordinate to
metal ions, and subsequently bringing the article for cleaning into

contact with a solvent.

9. A process for cleaning according to Claim 8, wherein the_ hydrocarbon

solvent is an aliphatic hydrocarbon having 5 to 20 carbon atoms.

10. A process for cleaning according to any of Claims 8 and 9, wherein
‘the organic compound which can coordinate to metal ions is a
coordinating compound having an oxygen atom as an atom of

coordination.

11. A process for cleaning according to Claim 10, wherein the
coordinating compound having an oxygen atoms as an atom of
coordination is one or more compounds selected from 1-alkyl-2-

pyrrolidinones, trialkylphosphine oxides, and dialkylsulfoxides.

) O O




whi ch a cl eani ng agent prepared by addi ng 0.233 nol of cycl ohexanol or
diet hyl ene gl ycol nonoethyl ether in place of a coordinating conpound to

T, 000 nol of n-hexane was used, the electric conductivity of the extract
was hi gher, and cleaning of residue of the flux was insufficient in
conparison with those in Exanples 1, 3,-28; 8, and 10 in which a conposition
for cleaning prepared by adding the sanme anount in nol of a coordinating
conmpound was used. Furthernore, in Conparative Exanple 6 in which a |arger
amount of cycl ohexanol was added and the content of cyclohexanol in the

cl eani ng agent2.weA provessdor dleadihg’@byording 26 Cleimhll, wherenenthet aliéylt he
ef fect of cleaning was not significant, and the effect of cleaning was
inferior to tgmupfinobwlkyl-@ipyroolidinonds;| ¢oalkylphesphisre soxides, and
Conpar ative Exanples 8 and 9 in which the hydrocarbon solvent in the

cl eani ng agerdialisdsulforides is adineamalicyh group haying S.60c18 carban stomsc
conductivities of the extracts were rather higher than those in Conparative
Exanples 5 and 7. These results show that, even when n-dodecane was used as

t he sol vent, sufficient, effect, of cleanin ul d not, be .obtai ned t he
oo mat s on vin A PEbesE,ar Sleaing et ta, CIotR Sronbetein: tha AERClsfor

cleaning is a printed circuit board to which residue of a flux is attached.

14. A process for cleaning according to any of Claims 8, 9, 10, 11, and 12,
wherein the composition for cleaning contains the organic compound
which can coordinate to metal ions in an amount of 10 to 300 g per 1 liter

of the hydrocarbon solvent.

AR



--23- WHAT IS CLAIMED | S 1. A cl eani ng process which conprises bringing
aprinted circuit board to which residue of "a flux is attafFee= 0 :
with a cleaning conposition conprising (i) an aliphatic hyh%ﬁr&hﬁﬁﬂé’tﬂ&%ﬁﬁ"‘i
. having 5 to 20 carbon atons and (ii) an organic compound sgl ect REFIACED e
: group consisting of 1-alkyl-2-pyrrolidones having 3 to 18 carbon atomns,  ~
“trial kyl phosphi ne oxides having 3 to 8 carbon atons and di al kyl sul f oxi des
having 3 to 8 carbon atons, IRACTOHOR THEIDISCLOSURED i s in an anount

of 10 to 300g per lLiter of said hydrocarbon solvent, said cleaning .

composi tion not coAt%qmpmhanh&rcéehnmmmmmm@ bydracqaban splyentgndg
the printed circuit poard to &/ni h.residue Qf the flux,i,s attached into
contact with 3D3EJRIE compound W cba?ﬁmgf’ﬁd:ﬁég%t%@ﬁa&ilﬂﬂst ane) & prpcess

sheren Lhe Sk ALalD Lhla sl S ol donge, LY ot ey
ciireult boar dgnefer it BRE Yok fibitioh 16} GAit 668 sbAdaddnlint) oShEAE® 1
with a solvent. Residue of a flux on a printed circuit.board can effectively

.

Hwp g

be removed by dissolving them without using an organic halogenated

solvent which causes ozonosphere destruction.

-
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wherein the conposition for cleaning contains the organie i
can coordinate to netal jons.,in an anmourge of 10.to 300 %IS
hydrocar bon sol vent. 8. A protiess for ¢reani ng whi ch cgnygrt SES DriTgr
article for cleaning into contact with a conposi tion fdr

~conprising a hydrocarbopsi , ) _
‘coordinate to netal ions—a# = ¥ =

cl eani ng into contact with-: aABS?I\IﬁKGT@F'HIErIDISISEO’SUE
.to daim8, wherein the hydrocarbon solvent is an alipt _
“having 5 to 20 carAaompesitionlfor deaninpessmbeising enhydgocarbondsslgent amdy of
.Cainms 8 and 9, wherein the organic conmpound which can coordinate to netal
‘ions is a cocnmmmgamegcmnppnnddwhmh can anoxdingte tatmetalsions, andna qirocess
“coordination. 11. A process for cleaning according to Caim 10, wherein the
coor di nat i ng foonpleamingawhigh acompyises gmx@nssaanaatl@'lﬁ for eleaningainten is

one or nore conpounds S§Lect ed frogm 1-al kyl -2- pyr.rolidinon

‘trialkyl phos MGCBWﬂb eé’ﬁH‘RﬂS&t}lk‘}l §TJ e@,glggsan subggquggﬁygn&pd@gggctf or
cl eani ng accorct soﬁrentallig te of a 1!1:? ohhaepnnl%é circuit board can effectlvely

El eani ng accordin

be removed by dissolving them without using an organic halogenated

solvent which causes ozonosphere destruétion. _



group,in 1-aPkyI-2-pyrroIidinones,'trialkprhosphine-
di al kyl sul foxides is a linear alkyl group having 3 tofREPICArEMBNG
A process for cleaning according to Caim8, wherein | hp—atele~iioiz
cleaning is a printed circuit. board to which residue pfja flux is attjadghed.
14. A process for. cleaning according to any of d ai ms(g dq 24JUN 1997

d

iwherein the conposition for cleaning contaias the org Qnpoun
‘can coordinate to nmetal ions in an anbunt of 10 to 3 g per 1 liter of] the

‘hydrocarbon sol yeRAT IS CLAIMED IS:

ARG s, .

1. A cleaning process which comprises bringing a printed circuit board to which
residue of a flux is attached into contact with a cleaning composition comprising (i)
an aliphatic hydrocarbon solvent having 5 to 20 carbon atoms and (ii) an organic
compound selected for the group consisting of 1-alkyl-2-pyrrolidones having 3 to 18
carbon atoms, trialkylphosbhine oxides having 3 to 8 carbon atoms and
dialkylsulfoxides having 3 to 8 carbon atoms, wherein said .organic compound is in

an amount of 10 to 300g per liter of said hydrocarboﬁ solvent, said cleaning

| composition not containing a halogen compound, and subsequently bringing the
printed circuit board to which residue of the flux is attached into contact with a

solvent.

pyrrolidones, trialkylphosphine .oxides, and dialkylsulphoxides is a linear alkyl

2. A cleaning process according to Claim 1 wherein the alkyl group in 1-alkyl-2-

group.
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