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. GOVPGCSI TI ON AND PRECI SI O¥- CLEANI NG METHEOD  Background of The
* I'rivent i on - ‘Field of The Invention The: present i nvenfibrgr
~»relates to a cleaning agent conposition and a precision cleaning nmethbd in
>which a specified cleaning agent is enployed. Mre particular- 1y, the
present invention is concerned wi thqa precision cleaning nethod enployed
to renove dirt attributed to processing oil, work waste, grease, wax,
flux, pitch, fi‘nger sebum etc. froman itemto be cleaned such as an
optical element, a nechanical part, an electrical or electronic part, a
sem conductor part or a jigIZELECQEF THE-INVENRIIN ng themwi th the use of a
cl eaning agent to thereby attain high-quality cleaning. The present
invention is al SC-EMAENS N¥ (GOMPQI EBRPNgANGcRRECISION CLEANING:

- METHQD

Background of The Invention

Field of The Invention

The present invention relates to a cleaning agent
composition and a precisién cleaning method in which a
specified cleaning agent is employed. More particuiar—
ly, the present invention is concerned with a precision
cleaning method employed to remove dirt attributed to
prq;essing oil, work waste; grease, wax, flux, pitch,
finger sebum, etc. from an item to be cleaned such as
an optical element, a mechanical part, an electrical or
electronic part, a semiconductor part or a jig or tool
used in working them with the ﬁse of a cleaning agent
to thereby attain high-quality cleaning. The presén; |
invention is also concerned with a cleaning agent
composition for hand wiping and a hand wiping cleaning
method. The terminology "hand wiping cleaning” used
herein means cleéﬁihg an item surface by wiping it by
hand with fibrous matter impregnated with a cleaning
agent composition. '

Discussion of Related Art

With respect to an optical element and a semicon-



.conposition
_.term nol ogy

*surface by wiping it by hand with fibrous matter inpregnated with a.
-+c| eani ng" agent conposition.
SWth respect to an optical elenent and a sem con- duct or

the materi al

steps corresponding to the workings bef
Wil e the materi al

f or hand w pi ng and a hand wi ping cleaning nethod. The

"hand w pi ng-cl eani ng" used herein neans cleaning an item

Di scussi on of Related Art

part,

under goes vari ous wor ki ng gteps and al so various inspection

re being formed into the product.
I s passed through such steps, var- ious dirts adhere’

thereto. Cleaning for renoving such dirts nust be carried out taking into

account the

i nfl uence_of _the cl eani op the materjal, so at cl eaning
qual ity reqffehehiRazte the W%'f?%f qamgergoes varidus wor Eng

steps and also various inspection steps corresponding
to the workings before being formed into the product.
While the material is passed through such steps, var-
ious dirts adhere thereto. Cleaninghfor removing such
dirts must be carried ocut taking into account the
influence of the cleaning on the material, so that—
cleaning quality requirements are very strict. The
conventional precision cleaning method for optical
elements is conducted in the sequence of organic sol-
vent -» water-base cleaning agent -» water - isopropanol
(IPA) - freon as described on pages 193 to 195 of
"Precision Cleaning Technology Manual" published by New

Technology Development Center, Japan. Various modifi-

cations have been effected which include replacing the .

isopropanol with a dewatering agent comprising freon
and, added thereto, -a surfactant and also replacing.fhe
final freon with vapor cleaning. Without exception,
the conventional cleaning methods employ a cleaning
line composed of a multiplicity of cleaning agents, .
none of which.can be avoided. Further, the above
published literature lists cleaning agents and cleaning
methods employed in various industrial fields, from
which it is apparent that wide use is made of chlori-

nated solvents and specified freons.



.conventional precision cleaning nethod for optical elenents i's conducted
-~ 1n the sequence of organic sol- vent [err] water-base cleaning agent [err]
“Water [err] isopropanol (IPA) [err] freon as described on pages 193 to 195
-of  "Precision Ceaning Technol ogy Manual " published by New Technol ogy
¢ Devel opnent Center, Japan. Various nodifi- cations have been effected:
whi ch include replacing the isopropanol 3with a dewatering agent conprising
freon and, added thereto, a surfactant and al so replacing the final freon
wi th vapor cleaning. Wthout exception, the conventional cleaning nethods
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sol vents an¢+hage,§ ited dH1Rethylene or methylene chloride or a 3
hydrocarbon solvent such as kerosene, benzene or xylene
and applying thereto ultrasonic and/or barreling. On
the other hand, electrical and electronic parts have
been freed of dirt with the use of, mainly, a chlori-
nated solvent such as trichloroethane or a freon sol-
vent such as freon 113.
However, in recent years, substitution for the
above cleaniné agents has increased in consideration of
the global atmosphere problem and orientation toward
safety. For example, Japanese Patent'Application
Laid-Open Specification No. 4076/1993 proposed a clean-
ing method for mechanical parts comprising.removing
dirt with the use of a cleaning agent composed mainly
of a hydrocarbon having a boiling point of 100 to 350°C
and finishing with the use of a completely fluorinated
compound having a boiling point of 80 to 200°C, which
method was described as being excellent in cleaning and
finishing performéhce and permitting short-time drying.
Japanese Pateﬁt Application Laid-Open Specification No.
43893/1993 describes cleaning with the use of a clean-
ing agent composition composed mainly of a hydrocarbon

fraction of 150 to 240°C in boiling point which is



-Mechani cal parts have been freed of dirt by dip- ping themin a
sz Chlorinated solvent such as trichloro- ethane, trichloroethylene or
- methylene chloride or a hydrocarbon sol vent such as kerosene, benzene or
“xylene and applying thereto ultrasonic and/or barreling. On the other
"hand, electrical and electronic parts have been freed of dirt with the use
of, mainly, a chlori- nated solvent sygh as trichloroethane or a freon
sol - vent such as freon 113. However, in recent years, substitution
for the above cleaning agents has increased in consideration of the
gl obal atnosphere problem and orientation toward safety. For exanple,
Japanese Paseubstappiatiyi free lof chapiehonene’ andl bephbay1407§4+293 proposed
a clean- ing nethod for nechanical parts conprising renoving .dirt with
the use of thereadrpanegenfatenpiipplicanipn baid-DpenospebaBibavi ng a
boiling point of 100 _to 350[err]C and finishing with the use of a
conpl etel y $39RrNQat 24003 fessribea Bopresisponncleansngt o 200[err] C
whi ch nethpd was described as, heing excellent in cleaning and finishing
per f or rranceé)%’d’%e‘??réﬁ?ﬁin’g“s‘%b‘rq% t3hel ¥889; hgving passed through a
cleaning step and dipping in pure water is lifted at a
very low rate from the liquid level into a dry gas.
Still further, Japanese Patent Application Laid-Open
Specification No. 17148/1993 describes a cleaning
method in which a hydrocarbon-based organic solvent is
heated and sprayed at a reduced pressure. On the other
hand, with respect to the hand wiping cleaning agent,
Japanese Patent Application Laid-Open Specification No.
25499/1993 proposed a cleaning agent for brake device
comprising 20 to 97% by weight of cyclopentane and 3 to
60% by weight of an aliphatic monohydric. lower alcohol
having'l to 3 carbon atoms along with the balance of a
hydrocarbon hafipg 6 to 8 carbon atoms. Moreover, a
variety of other'cleaning agents such as:a water-base
cleaning agent, a cleaning agent composed mainly of a
glycol ether and a cleaning agent composed mainly of a
terpene, e..g., limonene have beeniproposed.
In recent years it has become apparent that a
chloginated solvent such as trichloroethane and a

specified freon such as freon 113 are chemically stable

and, upon ‘evaporation, arrives at the ozonosphere where



_Japanese Patent Application Laid-Open Specification No. 43893/1993

. describes cleaning with the use of a clean- ing agent conposition conposed

" mainly of a hydrocarbon fraction of 150 to 240[err]C in boiling point
-which is 4 substantially free of

. hapht hal ene and bi phenyl . Fur- t her, Japanese Patent Application

Lai d- Open Specifica- tion No. 210092/ 1989 descri bes a precision cleaning
drying nethod in which an item having p&sed through a cleaning step and
dipping in pure water is lifted at a very lowrate fromthe liquid | eve
into a dry gas. Still further, Japanese Patent Application Laid-Open

Specification No. 17148/ 1993 describes a cleaning met hod in which a
hydr ocar boﬁ-i‘(?é’ é’tf%rdglfﬁﬂ“l?"s’(ﬂd\/éﬁ yltraviglet zays 9 ddherate reduced
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ozonosphere surrounding the earth. The prohibition of
industrial use thereof became effective in 1995 and the
application thereof to industrial cleaning is no longer
permitted.

Although being excellent in cleaning and dryi;g
performance and advantageous in cost, the hydrocarbon
solvent such as kerosene or benzene is a substance
regulated by the organic solvent control regulation,
has been demonstrated to be highly carcinogenic and has
problems with respect to the nonhazardousness to human
and smell. Further, its purity is so poor that the
problem is encountered that, for example, stain occurs
in the drying to thereby disenable attaining high-
quality item finishing.

The cleaning agent composed mainly of a glycol.
ether has drawbacks in that the smell is strong when
use is made of one having excellent cleaning perform-
ance and that the dryability is generally poor. The
clearning agent composed mainly of a terpene such as
limonene has problems that it emits strong smell al-
though being excellent in safety and cleaning power and

that it is derived from a natural product, so that it

lacks quality stability and is highly expensive.



. 25499/ 1993 proposed a cl eaning agent for brake device conprising 20 to

- 97% by wei ght of cycl opentane and 3 to 60% by wei ght of an aliphatic
nonohydri c | ower al cohol having 1 to 3 carbon atons along with the

-bal ance of a hydr ocarbon having 6 to 8 carbon atons. Mreover, a

>Vvariety of other cleaning agents such as a water-base cl eani ng agent, a

cl’eani ng agent conposed mainly of a ghycol ether and a cl eani ng agent

conposed mainly of a terpene, .g., Tinonene have been proposed.

In recent years it has becone apparent that a chlorinated solvent such as

trichloroethane and a specified freon such as freon 113 are chenically
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The prohibition of
method using this water-base cleaning agent has a

drawback in that the disposal of rinse water, drying
and metal'rusting must be taken into consideration,
there are heavy constraints on the facilities and item
to be cleaned. | )

The cleaning method comprising rembving dirt with
the use of a cleaning agent composed mainly of a hydro-
carbon and finishing with the use of a completely
fluorinated compound as described in Japanese Patent
Application Laid-Open Specification No. 4076/1993 is
excellent in cleaning and finishing performance, per-
mits short-time drying and is advantageously free from
the problems of waste water disposal and rusting be-
cause of the nonuse of water. However, the problem is
encountered that the coﬁpletely fluorinated compoun&
employgd in finishing is highly expensive. Further, an
additional problem is gncountered that special measures
such as improving_;pe hermetic sealing of the cleaning
apparatus and attaching a vapor recovery device must be
taken for limiting the consumption of the completély
fluorinated compound to thereby complicate the appara-
tus and render the control thereof difficult.

The cleaning agent composition described in Japa-
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I ndustrial use thereof becane effective in 1995 and the application
thereof to industrial cleaning is no longer permtted. Al t hough
bei ng excellent in cleaning and drying performance and advant ageous in
-cost, the hydrocarbon solvent such as kerosene or benzene is a substance

>~ regul ated by the organic solvent control regulation, has been denonstrated
to be highly carcinogenic and has problZns with respect to the

nonhazar dousness to hunman and snell. Further, its purity is so poor that
the problemis encountered that, for exanple, stain occurs in the drying
to thereby disenable attaining high- quality itemfinishing. The

cl eani ng agede ckatpestdipplidation dajld<pen cSpecifbcatiianbdoks in that the
snell is strong when wuse is nmade of one having excellent cleaning perform

ance and t HBI8$HeLI93 ab3 |advantageous dn ehawrit The freeafiem agent
conposed nain§¥ of ate %ﬁgﬁ such as |inpnene, has, problens that it emts
strong snelFEECARER I I8Re 9%GRL 9P E AR JLBH FRRRERG g pover and

that it is &%&ﬁ’fﬂiéf RS Mi ra%].eD ra%dLiCotw csgsé.h atHéw}rever, it is a
mixture of a multiplicity of hydrocarbons, so that
stain is likely to occur on the surface of the cleaned
and dried item. Thus, the use of this cleaning ag;nt
composition in precision cleaning involves difficul;
ties. Purther, the 100% removal of aromatic hydrocar-
bons suspected of carcinogenesis is- unfeasible, so that
the problem is encountered that not only is nonhazard-
ousness to human not ensured but also the sméil is
strong.

The cleaning method using pure water and dry gas
as described in Japaﬁese Patent Application ﬁaid-Open
Specification No. 210092/1989 needs a large amount of
energy in the heating and drying because of large
specific heat and lérge'latent vaporization heat.
Further, this cleaning method involves not only the
problems that dewing occurs on the surface of the
cleaned item at tﬁé.time of drying, large surface
‘tension prevents penetration into minute regions and
the surface of the metal material is rusted but ‘also |

the problem that production of pure water and dry gas

causes cost increase and complicates the cleaning
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.lacks quality stability and is highly expensive. On-the
.ot her hand, although the water-base clean- I ng agent is excellent in
Safety and cost, the cleaning nmet hod using this water-base cl eani ng agent
-has a drawback in that the disposal of rinse water, drying and net al
srusting nmust be taken into consideration, there are heavy constraints on
the facilities and item to be cleane The cl eani ng net hod
conprising renoving dirt with the use *f a cl eaning agent conposed mainly
of a hydro- carbon and finishing with the use of a conpletely fluorinated
conpound as described in Japanese Patent Application Laid-Open
Speci fication No. 4076/1993 is excellent in cleaning and finishing
per f or mance@PP@ratugi.t s short-time drying and is advantageously free from

t he probl ens of mastg maier di sposal and rusting be-
In the cleaning method comprising spraying a

hydrocarbon solvent as described in Japanese Patent
Application Laid-Open Specification No. 17148/1993, the
solvent in which, for example, cutting oil libérated by
the cleaning has beén mixed is simultaneously sprayed
to thereby cause the cutting oil to remain on the
surface of the cleaned item with detriment to the
cleaning quality. Thus, precision cleaning cannot be
attained by this,mgﬁhod. Periodic solvent replacemeﬁts
would have to be conducted at short intervals for |
ayoiding this detriment, which, however, disadvanta-
geously increases running cost.

In the cleaniﬁg method described in Japanese
Patent Application Laid-ppen Specification No.
25499/1993, cyclopentane as the main component has
gnique benzene smell to thereby deteriorate the working
atmosphere. Further, it damages a plastic such as
polystyrene, so that thg'scope of employable items to
be cleaned is limited.

Summary of The Invention

-In view of the above drawbacks of the prior art,
the object of claims 1 to 14 is to provide a precision
cleaning method enabling removing dirt from an item to

be cleaned without environmental pollution while ensur-



.cause of th
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conpl etely
Furt her, an

e nonuse of water. However, the problemis encountered that the
fluorinated conpound enployed in finishing is highly expensive.

additional problemis encountered that special neasures

such

-as inproving the hernetic sealing of the cleaning apparatus and attaching
overy device nust be taken for limting the consunption of the

a vapor rec

fluorinated conpound to theyeby conplicate the appara-

tus and

conpl etely . t u
render the control thereof difficult. The cl eani ng agent conposition
described in Japa- 7 nese Pat ent

Application Laid-Open Specification No.

it is free
capability
multiplicit

43893/ 1993 i s advantageous in that
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ByObbR4dhOGahRGASqua?itY b leaned item. The object of
claims 15 to 18 is to provide a cleaning agent composi-
tion for hand wiping which has excellent composition
stability and excellent dryability. The object of
claim 19 is to provide a preferred precision cleaning
methoed in which use is m&de of the cleaning agent
pomposition of the present invention.

The foregoing and other objects, features and
advantages of the present invention will become appar-
ent frqm the following detailed description and append-
ed claims taken in connection with the accompan?ing
drawings.

Brief Description 6f The Drawings.

In the drawings: .

Fig. 1 is a £low chart showing the cleaning proce-

dure performed in Examples 1 to 8;
| Fig. 2 is a sectional view of the cleaning appara-
tus employed in Example 9;

Fig. 3 is a diagram showing the construction of
the cleaning apparatus employe& in Example 10;

Fig. 4 is a valving program chart showing valving
for each step in Example 10;

Fig. § is a'graph showing the pressure change vs.

step measured in the airtight cleaning vessel in Exam-



-stainis likely to occur on the surface of the cleaned and dried item
'fThus, the use of this cleaning agent conposition in precision cleaning
i nvolves difficul- ties. Further, the 100%renoval of aromatic hydrocar-

.hons suspect ed offhis SlieeiHAOBRARSId S UNfeasible, 'so that the problemis

- encount ered t hat ' hazard- ousness to human not ensured but
al so the snell |s1muﬂmnummm .The cl tfani ng net hod using pure water and
dry gas as descri e Patent "Application Laid-Open

Speci fication No. 210092/ 1989 needs a | arge ambunt of energy in the

heati ng and dryi ng because of large specific heat and |arge | atent

1deph. Further, this cleaning nmethod involves not only the

vaporizatio& &
probl ens that dew ng occurs on the surface of the cleaned itemat the tinme

of drying, largepsgrface ens] revents pgnetration into ninute regions
and the surface %? t he %e%a@fégg%ﬁiiWOVEnQuE?%dC%%?tﬁPﬁﬁlonhefprobIen1that
production tie tiCanbh@ appair&iéys g@ﬁpl&yaé{fefn cg}ggméfé:rff;se and conplicates

t he cl eani ng

Fig. 7 is a graph showing the relationship between
lower alcohol mixture component ratio of liquid phase
and lower alcohol mixture component ratio of vapor
phase measured in Example 19;

Fig. 8 is a graph showing the relationship between
lower alcohol mixture Component ratio of liquid phase
gnd lo?er alcohol mixture component ratio of vapor
phase measured in Example'ZO;

Fig. 9 is a graph showing the relationship between
lower alcohol mixtu;e component ratio of liquid phase
and lower alcohol mixture component ratio of vapor |
phase measured in Example 24; and

Fig. 10 is a perépective view of a three-points
supporting jig employed in Examples 12 to 18..

Deta;;ed Description of The Invention

According to the present invention, there is
provided a precis;gn cleaning method'comprising remov-
ing dirt from an item to be cleaned with the use of a
cleaning agent consisting essentially of at least one
saturated hydrocarbon having 8 to 12 carbon atoms whose
95% running point falls within 5°C of its initial

boiling point and whose 99% running point falls within




8 appar at us. I n the cl eaning method conprising spraying a
mhydrocarbon sol vent as described in Japanese Patent Application Laid-COpen
Specification No. 17148/1993 the- solvent in which, for exanple, cutting
-0il liberated by the cleanlng has been m xed is slnultaneously sprayed to
: thereby cause th@hEﬂEﬂI demain on the surface of the cleaned item
wi't h detrinment to H uallty Thus preci si on cl eani ng cannot be
attained by this c solvent replacenents woul d have to be
conduct ed at short |ntervals for avoiding this detriment, which, however,
di sadvanta- geously increases running cost. In the cl eaning nethod
descri bed in Japanese Patent Application Laid-Open Specification No.
25499/ 1993, 16y€| ofcitsndnitinhebaidlingoppdnéntinhad stidilakdobeatene snell to

thereby deteriorate the working
760 mmHg. Further, there is provided a precision

cleaning method comprising removing dirt from an item

~ to be cleaned with the usé of a cleaning agent, replacQ
ing part of the cleaning agent adhering to éhe item
with a hydrophilic solvent or a water insoluble solvent
and drying the item, wherein, after the replacement and
before the drying, the item is further cleaned with the
use of a cleaning agént consisting essentially of at
least one saturated hydrocarbon having 8 to 12 carboﬁ
atoms whose 95% running point falls within 5°C of its
initial boiling point and whose 99% running pdint falls
Qithin 10°C of its initial boiling point in distilla-
tion at 760 mmHg. Still further, there is provided a
cleaning agent composition for hand wiping comprising 66
to 90% by weight of at least one aliphatic hydrocarbon
with 6 carbon atoms containing at least 44% by weight
of 2-methylpentane and 10 to 34% by weight of at least
one lower alcohol with 1 to 3 carbon atoms containipg
at least 85% by weight of ethyl alcohol to thereby |
exhibit azeotropic or azeotrope-like cha;acteristics.
Moreover, there is provided a precision cleaning method
comprising impregnating fibrous matter with a cleaning
agent composition for hand wiping comprising.GG to 90%

by weight of at least one aliphatic hydrocarbon with 6




. at nosphere. Further, it damages a plastic such as polystyrene, so that the
; scope of enployable items to be cleaned is limted. Summary of The
[ mvention I'n view of the—above drawbacks of the prior art, the

- obj ect of cl ai ] IS ovide a precision cleaning nmethod
: énjabl I ng remv%ﬁﬁ%l fmﬁiﬁi‘% emto be cleaned w thout environnental

pol lution while e i nd2excel l ent cl eaning and drying
performance to th n a high-quality cleaned item The object of
claims 15 to 18 is to provide a cleaning agent conposi- tion for hand

wi pi ng which has excellent conposition stability and excellent dryability.

method 1 n uhreReheated ERntEiRARY HE TeRaR 300EY sRIg ool 1 e

present invgath@lpentane and 10 to 34% by weight of at least one

lower alcohol with 1 to 3 carbon atoms containing at
ieast 85% by weight of ethyl alcohol so as to exhibit
azeotropic or azeotrope-like characteristics and wiping
a surface of an iﬁem to be cleaned with the impregnated
fibrous'matter by hand. '

The saturated_hydrocarbon composing the'cleaning
agent for use in the present invention may be one
obtained by first 6ligomerizing gaseous propylene or
butene into a mixture of hydrocarbons and then separat-
ing by distillation a fraction having 8 to 12 carbon
atoms whose 95% running point falls within 5°C_of its
initial boiling point and whose 99% running peint falls
within 10°C of its initial boiling point at 760 mmHg
from the mixture. The above oligomerization of gaseous
propylene or butene produces a plurality of specified
hydrocarbons with varied boiling points, from which the
desired high-purity saturated hydrocarbon can easily be
separated by subsgqﬁent distillation.

With respect to the saturated hydrocarbon for use
in the present invention, the 95% running point falls
within 5°C, preferably, within 3°C of its initial
boiling point. It is still preferred that the 99.5%

running point fall within 5°C, especially, within 3°C

1S SHEET HAS BEER
 REPLACED




., The foregoing and ot her objects, features and advantages of the present

-invention will becone appar- ent fromthe follow ng detailed description
and append- ed clains taken in connection with the acconpanying draw ngs.
-Brief Description of The Draw ngs In the draw ngs: Fig. 1is a

: flow chart. showi ng the cleaning proce- dure performed in Exanples 1 to 8§;
Fi'g. 2 is a sectional view of the cleaning appara- tus enployed in Exanple

9; Fig. 3 is a diagramshow ng thel3onstruction of the cleaning
apparatus enpl oyed in Exanple 10; Fig. 4 is a valving program chart
showi ng valving for each step in Exanple 10; Fig. 5is a graph

showi ng the pressure change vs. step neasured in the airtight cleaning
vessel in BEg¥nthe initial boiling point.

The employment of the above limited distillation
temperature range reduces high-boiling-point fractions,
improves the purity of principal component and enables
preventing the inclusion of unsaturated hydrocarbons
énd aromatic hydrocarbons, so that the smell, stability
and nonhazardousness to human can be improved.

When the saturated hydrocarbon has less than 8
carbon atoms, the inflammability thereof unfavorably
‘becomes very high to thereby deteriorate thé handling
safety. On the other hand, when the number of carbon
atoms thereof is greater than 12, the boiling.point of
the saturated hydrocarbon approaches to thése of dirt
components such as processing oil, so that the problem
is encountered that, in the recycling by distillation
regeneration, the separation thereof from the dirt .
éomponents is difficult.

The saturated hydrocarbon for use in the present
invention has a surface tension as low és about 18 to
22 dyne/cm, so that iﬁ can easily get into or out of
narrow slits and blind holes for screwing. Thus, it
can remove dirt from a highly uneven item of complicat-
ed configuration to thereby ensure excellent cieaning
capability. Naturally, the cleaning agent consisting

essentially of the saturated hydrocarbon according to



10 pl e 10; Fig. 6 is a diagram show ng the construction of
“t-he cl eani ng apparatus enpl oyed in Exanple 11; . Fig. 7 is a graph

"~ 8howi ng the rel ationshi p- bet ween | ower al cohol m xture conponent ratio of
-liquid phase and | ower al cohol mixture conponent ratio of vapor-

: phase measured in Exanple 19; Fig. 8 is a graph showing the

rél ati onshi p between | ower al cohol m xtdire conmponent ratio of [iquid
phase and | ower al cohol mxture conmponent ratio of vapor phase
measured in Exampl e 20; Fig. 9 is a graph showing the relationship
between | ower al cohol m xture conponent ratio of |iquid phase and | ower

al cohol ”‘Xiﬂéepﬁﬁgaﬁﬁeﬁhvﬁi&icP.&o&@gg es Qﬂgsﬁpggﬂigd%$dsn Exanpl e 24;

and 10 1's a perspe of at poi*nt’s supporting jig

enpl oyed inp E&EE&'t@.%sl%ft QhéBconD@h%&bﬁQl@?S% gﬁ g@gog; G0 akyomt | on

According to the present invention, there % precision cl eani ng
met hod corrpe&eangngeﬁqentsl ng.airt fi:é@&bﬁnftrbﬁmth@ Bange?agd W th the use

of a environmental pollution, very low cost and antirusting
properties.

Further, the latent vaporization heat of the _
saturated hydrocarbon is relatively low, i.e., ranging
from 60 to 70 cal/g, so that the vaporization thereof
scarcely lowers the surface temperature of the item to
thereby have the advantage of being free from the
danger of dewing of atmospheric steam on the surface of
the item. In contrast, when use is made of a hydio-
philic solvent having a high latent vaporization heat.
such as water or isopropanol, the vaporization thereof
deprives the item of a conspicuous amount of vaporiza-
tion heat to thereby céuse a rapid drop of the surface
temperature of the item with the.result that steam
dewing occurs. Thus, the problem is encountered that
stain would result and finishing quality would be
deteriorated.

In the present invention, it is preferred that an
isoparaffin be used as the saturated hydrocarbon. The
saturated hydrocarbons include n-paraffins, isoparaf-

fins and naphthenes. While isoparaffins are excellent

in cleaning.capability, smell and nonhazardousness to



.cleaning agent consisting essentially of at |east one saturated
-hyydrocarbon having 8 to 12 carbon atonms whose 95%distillation point falls
" Wit hin S[err]C of its initial boiling point and whose 99%distillation
-point falls within 10[err]C of its initial boiling point

. I'n distillation at 760 nmmtHg. Further, there is provided a precision
cl’eani ng nethod conprising renoving diit froman item to be cleaned wth
the use of a cleaning agent, replac- ing part of the cleaning agent
adhering to the item with a hydrophilic solvent or a water insol uble

sol vent and drying the item wherein, after the replacenent and

before the ﬂﬁﬁhﬂ nFEthE?HhES r}Fférgbgagsdipkggfgg%xns ge of a

cl eani ng agent ting essen oné saturat ed
hydrocarbO”ché&hﬂHg8cBPaE§lE€ bQHd smell and naphthen%éf%?hlihfgn poi nt

atonms whose 95%di Stillation point talls wthin“5[e
rior to isoparaffins in smell and nonhazardousness to
human. Thus, the use of isoparaffins is preferred. It -
is especially preferred that the saturated hydrocarbon
be principally composed of isononane having 9 carbon
atoms. The isoparaffins having 8 to 12 carbon atoms
per ﬁolecule include isooctane, isononane, isodecane,
isoundecane and isododecane. Isononane is preferred to
the others in cleaning capability and fire protection
law regulations. Whilst lsooctane belongs to petroleum
of flash point CldSSlflcatlon no. 1 of dangerous com-
modity and its unit stock is limited to 200 liters in
accordance with the regulation of fire protection law,
isononane belongs to petroleum of flash point classifi-
cation no. 2 of dangerous commodity and its unit stock
can advantageously be as large as 1000 liters. On the
other hand, isodegane, isoundecane and isododecane are
inferior to isononane in cleaning capability.

In a specific mode of the present invéntion, the
precision cleaning'method comprises removing dirt from
an item to be cleaned with the use of a cleaning agent
(the cleaning agent of saturated hydrocarbon according
to the present invention or another cleaning agent),

replacing part of the cleaning agent adhering to the



.initial boiling point and whose 99% distillation point falls W t
its initial boiling point in distilla- tion at 760 mrHg.

. 10[err] C of

Still further, there is provided a ~ cleaning agent conposi tion for
W pi ng conpri si n@hiSSheet HaoBRARePM¥edrei ght of at ['east one aliphatic

hydr ocar bon

.ff W t i .ccontai ning at |east 44% by wei ght
2-nmet hyl pent ane aﬂﬂﬂﬂﬂﬂﬂmw ‘wei ght 18 at | east one | ower al cohol
with 1 to 3 carbo i ng at | east 85% by wei ght of ethyl

al cohol to thereby exhi bit azeotropic or azeotrope-like characteri
Moreover, there is provided a precision cl eani ng net hod conprlﬁlng
i mpregnatin r t ni n ent conp03|t|o or

Wi pi ng conp%TésélI&rzg ]Jé%l r% %f r}'\/@q %‘67ngt°’f' s"fa'iﬁ‘f% %ﬂ'ﬂ

hydr ocar bon gy

at ons cont ai n| ng at ?ledasdtrylf'ﬁ% bt;;‘ eweJTt?{lt‘ Jyhexein, after t&%t‘aene and
34% by wei glladeniint @3/ B¥¥dre the drying, the item is further

treated with the cleaning agent of the present inven-
tion which consists essentially of at least one satu-
rated hydrocarbon having 8 to 12 carbon atoms whose 95%
running point falls within 5°C of its initial boiling
point and whose 99% ﬁunﬁing point falls within 10°C of
its initial boiling point in distillation at 760 mmHg .
In this mode of the present invention, it is preferred
that an isoparaffin be used as the saturated hydrocar-
bon. It is especially preferred that the saturated
hydrocarbon be principally composed of isononane having
9 carbon atoms. With respect to the saturated hydro-
carbon for use in this mode of'the present invention,
the 95% running point falls within 5°C, preferably,
within 3°C of its initial boiling point. It is still
preferred that the 99.5% running point fall within 5°C,
especially, within 3°C of the initial boiling point.

It is required that the cleaning agent for remov-
ing dirt solubilize the dirt, be able to get into and
out of minute hollow and do not affect the surface of
the item to be cleaned. The cleaning agent of saturat-
ed hydrocarbon according to the present invention is

highly miscible with dirt components such as processing

hi n
hand

of

stics.
hand

car bon
10 to
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.lower alcohol with 1 to 3 carbon atons cont ai ni ng at | east 85% by

. wei ght of ethyl alcohol so as to exhibit azeotropi c or azeotrope-|ike
characteristics and wi ping a surface of an itemto be cleaned with the
-i npr egnat ed fibrous nmatter by hand. The satyrated_hydrocarbon

. conposi ng the cl eaning agent for use in the present invention may be one
obt ai ned by first oligonerizing gaseoui propyl ene or butene into a
m xture of hydrocarbons and then separ ¢- ~ing by distillation a fraction
having 8 to 12 carbon atons whose 95%distillation point falls within
5[err]Cof its . initial boiling point and whose 99% di stillation point

-falls within 10[err]C of its initial boiling point a;g?GOmﬂ—lgt from
ture e [ [ ut ene
the nixture.oillje grease And)Bd gt dahgﬁcaﬁﬁpﬁlt‘%ﬁ& eegﬂbélz{

produces a plurality of specified hydr vari e 0|1|ng poi nt's,
from whi ch Moreoies,r athehiclleapimnigl \ageditlioF athd et qh sl |y be
separated by subsequent distillation. Wth respect to t e saturated

hydr ocar bon hiagr ausarifacehdemsdoanasi losntaisomboute 185%di2g idynal /i) Poi nt
falls wthin 5 rr]C preferably, within 3[err]C of its initial b0|I|ng
point. It i$&Ssthat ditefcadny easiiat gefte iagos%r out of, for example,

slits and minute hollow such as screwing sites of the
item to be cleaned. .Thus, it can remove dirt from_a
highly uneven item of complicated configuration.

The cleaning aéent used just before the dryiﬁg
step i1s generally called "finishing liquid", "drying
liquid” or "rinse". This éleaning agent is used to.
replace the cleaning agent used in the previbus step
and contaminated, i.e., to rinse so that the item
surface is finished clean prior to the drying. This
cleaning agent is desired to be highly purified, espe-
cially, to exhibit distillation profile falling within
a given limited range. When use is made of a cleaning
agent of distillation profile having a broad boiling
point range, lifting of the item from the cleaning
agent after dipping'would be followed by evaporation of
low-boiling-point ‘components with the remaining of
high-boiling-point components. As a result, a thin.
film of cleaning agent formed on the surface of the
cleaned item becomes nonuniform, so that the probiem is
encountered that stain residue occurs on the surface of

the item. In the present invention, use is made of the



.distillation pdint fall wthin 5C  especially, wthin 3f[err]C

- 13 of the initial boiling point. The enpl oynent of the above
lkmted distillation tenperature range reduces high-boiling-point
-fractions, inproves the purity of principal conponent and enabl es

- preventing the inclusion of unsaturated hydrocarbons and aromatic _
hydr ocarbons, so that the snell, stabil18y and nonhazardousness to human
can be i nproved. When the saturated hydrocarbon has | ess than 8

carbon atons, the inflammbility thereof unfavorably becones very high to
thereby deteriorate the handling safety. On the other hand, when the
nunber of caébon atons thereof is greater, than 12, the bojling _point of

the satur at S4eAPERGc2960% QfpBekuRatedhyAgogagpog; whoss, l&-such as

processing gkgh %gmig%%thgg %L%BEGHL limited narrow. The cleaning
agent of saturated hydrocarbon used in the present
invention has a reduced amount of high-boiling-point
components, so that the purity of principal component
is enhanced. Thus, the above stain residue does not
occur in the present invention.

In the present invention, the finishing quality
can further be improved by lifting the cleaned item at
a rate of not greater than 70 mm/s from the cleaning
agent prior to the drying. When the cleaned item
dipped'in the above cleaning.agent is lifted prior to
the drying,.a thin film of cleaning agent adheres to
the surface of the cleaned item because of the viscosi-
ty of the cleaning agent. The thin film is elevated in .
accordance with the lifting of the cleaned item. On
the other hand, the cleaning agent per se has cohesive
force and surface tension, so that the liquid level of
the cleaning agent is slightly elevated by the lifting
of the cleaned item. The limitation of the lifting
rate to not greater than 70 mm/s enables forming a
uniform thin film of cleaning agent to thereby accom-
plish finishing without the occurrence of residue. 1In
contrast, when the lifting is conducted at a rate of

greater than 70 mm/s, the formed thin film of cleaning



.1s encountered that, in the recycling by distillation regeneration, the
_separation thereof fromthe dirt conponents is difficult. The
Saturated hydrocarbon for use in the present invention has a surface
-tension as | ow as about 18 to 22 dyne/cm so that it can easily get into
or out of narrow slits and blind holes for screwing. Thus, it can renove
di'rt froma highly uneven itemof conglg cat- ed configuration to thereby
ensure excel lent cleaning capability. Naturally, the cleaning agent
consisting essentially of the saturated hydrocarbon according to

14 t he present invention possesses the advantageous propertigs o; t he
conventi onal hon &? I n ents . e, freﬁ om from
t he danger o nenV| ronment al ?‘;%r‘ﬂrm. %ﬁﬁ RN | ng

on the surface of the cleaned item in the form of spots
or blocks to thereby cause the danger of stain occur-
rence.

In a further specific mode of the present inven-
tion, the precision cleaning method comprises vaporiz-
ing a cleaning agent consisting essentially of at least
one saturated hydrécarbon having 8 to 12 carbon atoms
whose 95% running point falls within 5°C of its initial
boiling point and whose 99% running point falls within
10°C of its initial boiling point in distillation at
760 mmHg and appiying the vapor to an item to be
cleaned so that the item to be cleaned is freed of dirt
and/or dried. The vaporizatién of the cleaning agent
is conducted by heating at boiling point or higher
under atmospheric pressure or by heating while reducing
the pressure. In the latter.vaporization method, the
above highly purified saturated hydrocarbon is intro-
duced in a vaporization vessel having ité internal
pressure reduced to about 60 mmHg and heated. The
internal pressure of the vaporization vessel becomes
equal to the vapor pressure at heating temperature of
the saturated hydrocarbon because of the vapor-liquid
equilibrium. When the heating is performed at tempera-

tures not greater than the boiling point under atmos-
-~ \
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. erties. Further, the latent vaporization heat of the saturated
«E;gfocarbon is relatively low, i.e., ranging from60 to 70 cal/g, ?o Lhat
the vaporization thereof scarcely |l owers the surface tenperature o ft e
“itemto thereby have the advantage of being free fromthe danger o hen
= dewi ng of atnospheric steamon the surface of the item In contrast, whe
use is made of a hydro- philic sol ventapaving a high |atent vapor!zatloR
heat such as water or isopropanol, the vaporization thereof deprives the
item of a conspicuous amount of vaporiza- tion heat to thereby faUSﬁ ?
rapid drop of the surface tenperature of the itemwith the result tha

| is encountered that stain would
ftegﬁlmt gﬁ\(ljm 1%1%’?# :gr%ua f%yt%ﬁé’oﬁéfemﬁ cHhe vaRrerization |vessel pres egt
[ [ it d [ ' he saturate
i nvention, i | SORG! ffi.n sed as_t
hydr ocar bon.HaTéhZa F}ga ﬁ%féeitﬁ%c?r‘%%a’r bongﬁ?%tlim%bﬁ? 98 19h<the sopar af -

fins and napBIvees. vaios § vaplRAIcH ddid fed Hifd i ddirbdd) LRI
capability, snell and nonhazardousness to
: atmosphere does not occur.

The supply of the solvent vapor (vapor of Saturat-
ed hydrocarbon) onto the item to be cleaned is conduct-
ed by reducing the internal pressure of the airtight
cleaning vessel or.other treatment vessel to be sup-
plied with the solvent to an about 100 mmig negative
pressure as compared with the internal pressure of the
vaporization vessel. The vapor is initially supplied
in an amount correspdnding to the pressure difference
of 100 mmHg. The overall pressure at that instance is
siightly lower than the initial internal pressure of
the vaporization vessel. Thus, the vaporization of the .
saturated hydrocarbon is advanced because of fhe resto-
ration to the initial equilibrium state to thereby
accomplish vapor supply.

In contrast, when use'is_made of the cdmmon hydro-
carbon solvent, the distillation temperature range is
as large as 20 to 30°C, so that the compositions
(component ratios) are conspicuously different between
the vapor phase and the liquid ‘phase at the vapor-
liquid equilibrium. Therefore, when the heating is

conducted at the same temperature, the ratio of low



.15 human, n-paraffins are inferior to isoparaffins in cleaning
capability and smell and naphthenes are infe- rior to isoparaffins in
"~ srell and nonhazardousness to human. Thus, the use of isoparaffins is
-preferred. It is especially preferred that the saturated hydrocarbon  be
= principally conposed of isononane having 9 carbon atoms. The isoparaffins
having 8 to 12 carbon atons per nolec®® include isooctane, isononane,
i sodecane, isoundecane and isododecane. |sononane is preferred to the
others in cleaning capability and fire protection |aw regulations. Wil st
i sooct ane belongs to petroleum of flash point classification no. 1 of

dangerous c odity and its unit stock is limted to 200 liters in
accor dance gac’l‘ﬂ' Hoy m‘\?lntﬁ dé pahedn &9 FAPOr phaGRane bel ongs

- ommuodi t
to petrol eu%g_f f lti%h :%%'z. o%l lhf Ibo:.l%.%tgl %Q)J.n% com%on%%rtl:%er Qs ¢ y
and its unit stock

high in the liquid phase. Consequently, when compari-
son is made between the vapor-liquid equilibrium at the
initial_liquid supply and that after the passage of
some time, it is found that the vapor pressure is _

_ higher and the amount of the vapor is greater at the
initial liquid supply. However, the heating is con-
ducted by low-boiling-point vapor at the vapor supply,
so that it may occur that the item to be cleaned is not
supplied with a quantity of heat satisfactory for
achieving the drying to thereby failing to dry the
item. Low-boiling-point components evaporate and aré
lost and the amount of high-boilihg-point components is
increased with the passage of time, resulting in a drop
of the overall vapor pressure. Therefore, with respect
to the common hydrocarbon solvent, not only is control
of the level of pressure reduction.of the airtight
treatment vessel réquired but also the quantity of.heat
must be increased to maintain the constant pressure.

Thé saturated hydrocarbon used in the present
invention is one whose 95% running point falls within
5°C of its initial boiling point and whose 99% running
point falls within 10°C of its initial boiling point in

distillation at 760 mmHg. Thus, the compositions are
/
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can advant ageously be as |arge as 1000 liters. On the other hand,
vi'sodecane, isoundecane and isododecane are inferior to isononane in e
: cleanlng capability. In a specific.node of the present |nventLon
~precision cleaning nethod conprises renoving dirt from an |ten}to e o
“eleaned wth the use of a cleaning agent (the cleaning agent of satura t
hydr ocarbon according to the present i22ention or another cleaning agent),

in art of the cleaning agent adhering to the
Egplac ?tgn1mﬁth a hydrophilic solvent or a water insoluble sol vent and
drying the item wherein, after the re- pl acenent and before the drying,

| ' f the present
the itemis t treat wi.th the ¢l eaning agent o
tqh:)%l J\/ﬁ% rPecto"f?sﬂ“s%g’ J'é&ﬁ‘r‘galﬂ%s? and [Ghes vaper ghase rated

i nven-

bt Tal T S e vy %g.ui;&g‘gzgﬁgggé’ at. e changauatie 0%

point falls mnthln _
f 1 fs | |n|t|al boi | i ng p0|nt I n

distill ZE:S%"S‘?”%‘W“* oo ey detesclive, It Yid estagmaton. |t 1

preferred timaf. arn Wxﬁkfu nthe egg.ﬂ.oash&aﬁ;o%%%%t SRS AR U

a multiplicity of components, so that the compositions
are different between the liquid phase and the vapor
phase with the resqlt that the vapor phase has a compo-
sition enriched with low-boiling-point components while
the liquid phase has a composition enriched with high-
boiling-point componénts. With respect to this hydro-
carbon, the'vaporized composition cannot be constant
and the liquid phase composition changes to higher
boiling points with the passage of time, so that the
quantity of.heat for vaporizing the solvent must be
increased with the result that the operation under the .
same conditions becomes impossible. waever; the
cleaning agent of saturated hydrocarbon employed in the
present invention has little change in the vapor-liquid
equilibrium, so that it can stably be used.

After the supply of heat to the item to be cleaned
by means of vapor'supply,-the internal pressure of the
treatment vessel is reduced by a vacuum pump. This
pressure reduction accelerates the vaporization of the
solvent adhering to the item. The quantity of heat

provided by the heat supply is such that the tempera-



.bon. It is especially preferred that the saturated hydr ocar bon be

<principally conposed of isononane havi ng 9 carbon atons. Wth respect to
~ the saturated hydro- carbon for use in this node of the present
‘i nvention, the 95% distillation point falls within 5[err]C, preferably,
~Wwthin 3[err]Cof its initial boiling - point. It is still preferred that
the 99.5% distillation point falls withn 5[err]C, especially, within
3[err]C of the initial boiling point. It is required that the

cl eaning agent for renov- ing dirt solubilize the dirt, be able to get into
and out of mnute hollow and do not affect the surface of the itemto be
cl eaned. The cl ea ing agent of saturat- ed hydrocarbon according to the
present i nverFR{nt® sTaiEed ytoakout 119G with respestnte aubhghly

processi ng oil, grease and wax

and can reunQﬁﬁigiﬁ%b????%???ﬁﬁﬂyd$&ﬁiﬁkﬂﬂ,h?ﬁéﬁél@aﬁ?ﬁﬁ°ﬁg§ﬁ?m%f'the
o that i1 oo o€ 1oy 5E AETGY & cp WeRpP Bt fed "and mnute
hol | ow such giekd €88 Yy dEd &S n H¥ring 12 carbon atoms. The

evaporation of the solvent requires a vaporization

heat, which utilizes the heat provided by the vapor

supply to thereby enable evaporation of the solvent.

Then, leakage is effected after the passage of a given

period of time so that the inside of the vessel is

restored to atmospheric pressure to thereby complete

the process.

As apparent'fromlthe above, the present invention
characteristiéally employs the cleaning agent of satu-
rated hydrocarbon whose distillation temperature range
has been limited narrow.

In still a further specific mode of the present
invention, the precision cleaning method comprises the
steps of dipping an optical element to be cleaned in an
organic solvent and/or a water-base cleaning agent to
thereby remove dirt, dipping the optical element in
water to thereby rinse off the organic solvent and/or
water-base cleaning agent adhering to the optical
element, dipping the optical element in a hydrophilic
solvent to thereby replace the water adhering to the

optical element therewith, dipping the optical element



.itemto be cleaned. Thus, it can renove dirt froma highly uneven item of
.conplicated configuration. The cl eani ng agent used just before the
~drying step is generally called "finishing liquid', "drying |liquid" or
""rinse". This cleaning agent is used to replace the cleaning agent used in
~the previous step and contami nated, i.e., to rinse so that the item
surface is finished clean prior to the dg¥|ng. This cleaning agent is
desired to be highly purified, espe- ly, to exhibit distillation
profile falling within a given limted range. Wen use is nmade of a
cleaning agent of distillation profile having a broad boiling point
range, lifting of the itemfromthe cleaning agent after dipping would be
fol | owed byisvapweieiroinsplubde soliveng- toi therebyomepilacei thet he remai ni ng
of high-boj.lin Qi.nt conponents. As a result, a thin filmof cleaning
agent forneHYGﬁ%PEé %GrPSéEeBF adberingafed thecopbicateelavanti form so
that the pr Ien1| gognteredghhat stain residue occurs on the surface

of the ite eFﬁwF rYingythei gptigad pdemgpt &p thereby

remove the water insoluble solvent from the optical
element for finishing, wherein the water insoluble
solvent consists essentially of at least one saturated
hydrocarbon having 8 to 12 carbon atoms whose 95%
running point falls within 5°C of its initial boiling
point and whose 99% running point falls within 10°C of
its initial boilihg point in distillation at 760 mmHg.
In this method, the first dipping of the optical ele-
ment in the organic solvent and/or water-base cleaning
agent removes most of dirt components suéh as pitch,
wax, abrasive, finger sebum and dust therefrom. A
variety of organic solvents can be used which include
chlorinated solvents such as trichloroethylene and
1l,1,1-trichloroethane, petroleum solvents such as
alkylbenzenes and naphthenes, terpene solvents such as
limonene and dipentehe, glycol ether solvents such as
diethylene glycol monobutyl ether and dipropylene
glycol monomethyl ether and ester solvents such as
ethyl lactate and dimethyl succinate. Examples of the
water-base solvents include alkali cleaning agents
comprising water énd a small amount of additives such

as a surfactant, an alkali builder and an antifoaming

~. \
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. cl eani ng agent of saturated hydrocarbon whose distill a-
-range is limted narrow. The cl eaning
in the present

- conponent s,

- fhe above stain residue does not occur in the present invention.
invention, the finishing guplity can further be inproved by

t he present

lifting the cleaned item at

a rate of not greater than 70 mm's fromthe

tion tenperature

agent of saturated hydrocarbon used
i nvention has a reduced anmount of high-boiling-point

so that the purity of principal conponent is enhanced. Thus,

In

cleaning agent prior to the drying. \Wen the cleaned item dipped in the
above cleaning agent is lifted prior to the drying, a thin film of

cl eani ng agent adheres to

vi scosi - . t RN R nantnal fjeaningriagants donposed aif\mtsur+ n

accordance w the lifting of, tthe cleaned item On the other hand,
¥ h%aé'{}: a8 r?as‘-’r%&?é'ﬁa\;e ingredient. In practice, a

{
cl eani ng agenatc

suitable organic solvent and a suitable water-base
cleaning agent are selected taking into account various
conditions such as the type of adhering dirt, strength
of dirt adhesion, etc. The cleaning may be performed
by either using first an organic solvent and then a
water-base cleaning agént or using a water-base clean-
ing agent only.

Subsequently, the thus cleaned optical element is
dipped in water to thereby rinse off the water-base
cleaning agent. Additives such as a surfactant and an
alkali builder often erode the surface of the optical
element, so that these must satisfactorily be removed
in this step. The rinse is generally more effective
when thg water témperature is high than when the water
temperature is low. The rinse may also be performed by
alternating'dipping in water of low temperature, for
gxample, 20°C and dipping in water of hot temperature,
for example, 60°C,- With respect to the type of water,
pure water is. preferred but city water and well water
may also be used.

Thereafter, the optical element is dipped in a
hydrophilic solvent to thereby replace the water adher-

ing to the optical element therewith. The hydrophilic

t he

the surface of the cleaned item because of the



.force and surface tension, so that the liquid |l evel of the cleaning agent
.Irs slightly elevated by the lifting of the cleaned item The Iimtation of
the lifting rate to not greater than 70 mms enables formng a wuniform
-thin filmof cleaning agent to thereby accom plish finishing wthout the

bccurrence of residue. In contrast, when the lifting is conducted at a
rate of greater than 70 nmmi's, the formgl thin filmof cleaning

19 agent cannot be uniform and the cl eaning agent remains on the
surface of the cleaned itemin the formof spots or bl ocks to thereby
cause the danger of stain occur- rence. In a further specific
node of the present inven- tion, the precision cleaning nethod conprises
vapori z- iEQIEQEFehﬁiﬂetagéﬁti@bhérinhgmétsdnGSalbygoasaitleaﬁt

dissolve water and can remove the water adhering to the
optical element therewith. Generally, isopropanocl
(IPA) or ethanol is used as the hydrophilic solvent
from the viewpoint of capability of replacing.water and
cost. - _ -
Still thereaftér, the optical element is dipped in
the cleaning agent of saturated hydrocarbon according
to the present invention to thereby replace the above
bydrophilic solvent. Application of physical force
such as oscillation or jet is effective in increasing
the velocity of rep;acing the hydrophilic solvent with
the saturated hydrocarbon. 1In pérticular, application
of ultrasonic vibration of 20 kHz to 100 kHz in fre-
quency.is most effective in increasing the velocity.
Specifically, in the first tank charged with the clean-
ing agent of saturated hydrocarbon, applidation of
physical force is especially effective in increasing
the velocity of replacement because a large amount of
hydrophilic solvent is adhering to the optical element.
When ultrasonic vibration is applied, the adhering
hydrophilic solvent is atomized and compulsorily dis-
persed, so that the dispersibility thereof into the

saturated hydrocarbon is increased. The saturated

"~ hydrocarbon employed in this method may be an isoparaf-



-one saturated hydrocarbon haxingS? to]é?o?a{?gniﬁ}?FZI
<distillation point falls wi thin err]C
'akise 99@6dis?i||ation point falls within 10[ err] C of

" -cl.eaned so that the iten1to be cleaned_is freed of dirt
véporization of the cl eani ng agent

oi nt or higher _ _
Fhe pressurg. In the latter vaporization nethod, the

purified saturated hydrocarbon is intro-

having its iﬁmrmlmaymewﬁiwgg,&%togoi

i nternal pressure of the vaporization ve econes

whose 95%
boi l'ing point and
its initial boiling

oS . ' he vapor to an itemto be
"point in distillation at 760 nmrHg and appl yi ng the vap and/ or dried. The

€ conduct ed by heating at boiling
under at nospheric pressure or by. heating while reducing

above highly

and

duced in a vaporization vessel

heat ed. The

L

AB2%e vapor

of
: atgrs e of t he saturated hydrocarbon because
the vapo at9uﬁﬁ#bgpt Iiﬁf}ﬂg1 When the heating is perforned at tenpera-

-liquid_ . equi AT S e
Ense\s{agg'z glrgaterF’t’}?gl‘Hfhe‘ihﬁ)lqllmm Mgentldt Fa¥irated hydrocar-

bon adhering to the optical element is vaporized to

thereby dry and finish the optical element.

Various

drying methods are available which include the method

in which hot air of about 80°C cleaned by passing it

through a precision filter to thereby remove dust is

blown to the above optical element so that the saturat-

ed hydrocarbon is vaporized, the method in which the

optical element is irradiated with far infrared radia-

tion and the method in which the vaporization is ef-

fected in vacuum. The drying method is not particular-

ly limited as long as not only can uniform drying be

conducted without the sticking of additional dirt such -

as dust but also the saturated hydrocarbon is-complete-

ly removed.

In the step of replacing the hydrophilic solvent

.according to the present invention, not only can the

optical element be finished with high quality ensured

but also the .performance of the cleaning agent can be

maintained for a Prolonged period of time by separating

off the hydrophilic solvent mixed in the cleaning agent

of saturated hydrocarbon with the use of water.

Gener-

ally, if all the components of the cleaning agent have



-20 pheric pressure, the inside of the vaporization vessel has a
-négative pressure, so that the | eakage of the sol vent vapor (vapor of
saturated hydrocarbon) to the at nosphere does not occur. The
‘'supply of the solvent vapor (vapor of saturat- ed hydrocarbon) onto the
“trtemto be cleaned is conduct- ed by reducing the internal pressure of the
airtight cleaning vessel or other trea8ent vessel to be sup- plied with
t he solvent to an about 100 mmHg negative pressure as conpared with the

i nternal pressure of the vaporization vessel. The vapor is initially
supplied in an anount corresponding to the pressure difference of 100

oL al ' S, 8 B WO AR U A o
o vt st SIS SN 1
vapor supplyptical elemeait, dhle NGNSk 1canIBiF dfert) 2dHURIHY T O
the optical element is uniformly thinned and finally
completely vaporizeq to thereby enable high-quality
finishing without the occurrence of stain. However, if
the components of the cleaning agent have vaporization.
rates different from each other, readily wvaporizable
components first vaporize while components whose vapor-
ization is difficult remain in spots with the result
that uniform drying cannot be effeqted{ Dust or other
matter coheres at Spotted parts, so that stain results
to thereby disenable high-quality finishing. Wwhen a
hydrophilic organic solvent is carried from the previ-
ous tank, its vaporization rate is different from that .
of the cleaning agent of saturated hydrocarbon accord-
ing to the present ihvention, so that stain is caused.
Further, the hydrophilic organic solvent is likely to
absorb moisture of the air, so that the water content
thereof increases. Water is one of the major causes of
staining. Therefore, the concentrations of the hydro-
philic organic solvent'mixed in the cleaning agentlof
saturated hydrocarbon and the water contained therein
must be controlled low. For the control of the concen-

trations of the hydrophilic organic solvent mixed in



. carbon solvent, the distillation tenperature range is as large as 20 to
..30[err]C, so that the conpositions (conponent ratios) are conspicuously
di-fferent between the vapor phase and the |iquid phase at the vapor-
-liquid equilibrium Therefore, when the heating is conducted at the sane

fenperature, the ratio of |ow 21
bdil i ng point conponents is high in the2@gpor phase while the ratio of
hi gh boiling point components is high in the liquid phase.
Consequent |y, when conpari - son is made between the vapor-|iquid
equilibriumat the initial liquid supply and that after the passage of

ok o4 M Wl o Y st e e
ts[];e)plhi?t | NY at &P Nsonta hid Eﬁe@éilno,w'ab %Jdr%lﬁ‘.oifct c;/r%)a(glricatsc}lrlreer;/tapor
removing device capable of continuously removing these
is connected to the tank charged with the cleaning
agent of saturated hydrocarbon so that the cleaning
agent of saturated hfdrocarbon can be recycled.

The above hydrophilic organic solvent removing
device comprises a vessel accommodating water in its
lower part and a cleaning agent of saturated hydrocar-
bon in its upper part. When the cleaning agent of
saturated hydrocarbon mixed with the hydrophilic organ-
ic solvent is introduced in the water layer, it floats
up because of the specific gravity difference and,
during thé passage through the water layer, the hydro-
philic organic solvent is removed. Means are provided
for allowing the cleaning agent of saturated hydrocar-
bon freed of the hydfophilic organic solvent to be
recycled to the replacing tank of the cleaning line.
Although being uniformly miscible with the cleaning
agent of saturageq.hydrpcérbon, the hydrophilic solvent
has greater tendency for dissolutién in water. The
hydrophilic organic solvent is transferred into the
water layer by the passage therethrough with the result

that the cleaning agent of saturated hydrocarbon is

freed of the hydrophilic organic solvent to thereby



.s0 that it may occur that the itemto be cleaned is not supplied with a

quantity of heat satisfactory for  achieving the drying to thereby
?ailing to dry the item Low boiling-point conponents, evaporate and
-are | ost and the anmount of high-boiling-point conponents is i ncreased
Wi th the passage of tine, resulting in a drop of the overall vapor
pressure. Therefore, with respect to 3®e comon hydrocarbon sol vent, not

only is control of the level of pressure reduction of the airtight
treatment vessel required but also the quantity of heat must be increased
to maintain the constant pressure. The saturated hydrocarbon used in

t || L falls within
50G bf ito. CApPISNcAtrol13Re, 106" End kbBcblradiohd Y he' Bured poi nt

falls withi nya%ghrm@cotmgamngmlanhoahanahaowkew com&ne' ation at 760
mrHg. Thus, the conpositions ar

therein. Thus, dlrt adhering to the optical element
can be removed with high quality ensured for a pro-
longed period of time. The efficiency of dissolution
of hydrophilic organic solvent in water is enhanced by
atomizing the saturated hydrocarbon mixed with the
hydrophilic organic solvent with the use of, for exam-
ple, a punéhing plate or a net so as to increase the
aiea of contact with water prior to the introduction
into the water layer instead of the simple passage
through the water layer.

Moreover, the present invention provides a clean-
ing agent composition for hand wiping comprising 66 to
90% by weight of at least one aliphatic hydrocarbon
with 6 carbon atoms containing at least 44% by weight
of 2-methylpentane and 10 to 34% by weight of at least
one lower alcohol with 1 to 3 carbon atoms containing
at least 85% by weight of ethyl alcohol to thefeby
exhibit azeotropic or azeotrope-like characteristics
and also provides a precision cleaning method compris-
ing impregnating fibrous matter with this cleaning
agent composition for hand wiping and wiping a surface
of an item to be cleaned with the impregnated fibrous

matter by hand.



,the sanme between the |iquid phase and the vapor phase at the vapor-liquid

Lequilibrium so that the change of equi libriumis slight irrespective of
‘'t he passage of time. In contrast, the common hydrocarbon sol vent has a
.multiplicity of conponents, so that the conpositions are different

-~ between the liquid phase and the vapor phase - wth the result that the
vapor phase has a conpo- sition enrich with | ow boiling-point
conmponents while the liquid phase has a conposition enriched with high-
boi | i ng- poi nt conponents. Wth respect to this hydro- carbon, the

vapori zed conposition cannot be constant and the liquid phase conposition
changes to hi gher boiling points with the passage of tine, so that the
quantity of heat The aldphatdiongattrateld diyidrotdrbon andQkased With the
result that the operation under the same conditions becones inpossible.

However, th@lcolfiodadisngomponenss oft thet evmpodiciambaf ¢hel predent t he

present invention has little change in the vapor-liquid equi librium so
that it can*BVEHtyOBe ce8tain no halpgen edements destrmeiingothee item to

be cleaned oBYndERRard 11°RR5 281Bct1e5)% 0 thats Ven 1t evapor
rated and scattered into the atmosphere by the use in
cleaning operation, the composition containing them do
not adversely affect the ozonosphere and aré Clearly
nonhazardous to the global atmosphere.

The composition of the present invention compris-
ing the aliphatic saturated hydrocarbon having 6 carbon
atoms and the lower alcohol,ha&ing 1 to 3 carbon atoms
exhibits azeotropic or azeotrope-like characteristics.
The terminology "azeotropic" used herein means the
property such that a mixture of a plurality 6f com-
pounds has a single s;abie apparent boiling point and
behaves like a Single compound. The boiling point of
the azéotropic mixture is lower than that of each of
the plurality of compounds forming the azeotropic
mixture. Further, with respect to the azeotroﬁic
mixture, the compenent ratios are identical between the
vapor phase and the liquid phase at the vapor-liquid
equilibrium. The terminology "azéotrope-like“ used
herein means the property such that a mixture of a
plurality of compounds has a boiling point range fall-

ing up to 5°C of the boiling point of the azeotropic



.treatnent vessel is reduced by a vacuum punp. This pressure reduction

. accelerates the vaporization of the solvent adhering to the item The
quantity of heat provided by the heat supply is such that the tenpera-

.23 ture is raised to about 110[err]C with respect to a highly purified

~Saturated hydrocarbon having 8 carbon atons and about 180[err]C with
respect to a highly purified saturate@2hydrocarbon having 12 carbon atons.
The evaporation of the solvent requires a vaporization heat, which
utilizes the heat provided by the vapor supply to thereby enable
evaporation of the solvent. Then, |eakage is effected after the passage of

St mospher o oREBetiPR 88 atbebHEst et b 8sRurk 240c Rhle) ang 002 et
fromthe aboeghibiesPb8R&¥iok dEPLbR Imating to a single compound .
-The composition of claim 15, i.e., the cleaning

agent composition for hand wiping comprising 66 to 90%

by weight of at least one aliphatic hydrocarbon with 6

carbon atoms containing at least 44% by weight of 2-

methylpentane and 10 to 34% by weight of at least one

lower alcohol with 1 to 3 carbon atoms containing at

least 85% by weight of ethyl alcohol has a boiling

point ranging from 52 to 55.5°C at atmospheric pres-

sure. This boiling point is significantly lower than
those of the components (aliphatic saturated hydrocar-

bon having 6 carbon atoms and lower alcohol having 1 to

3 carbon atoms) as shown in Table 6.

Table 6
Compo- |2-methyl-|3-methyl-|n-h n- -|iso-
nent pentane pentang exane |methanol ethanql gofropa ;:gpanol
.pE°C) 60.3 63.3 68.7 64.6 78.3 97.2 82.4%

The relgtive-evaluation of drying rate of

solvent-based cleaning agent compositions can be made
by comparing boiling points.

boiling point, the greater the drying rate.

Generally, the lower the

Therefore,

the cleaning agent composition of claim 15 has a drying

rate greater than those of the components.




-characteristically enploys the cleaning agent of satu- rate&/hydroca{gon
~whose distillation tenperature range has been limted narLo . oci si on
still a further specific node of the present invention, the pr

“cl eaning method conprises the steps of difping ag gF;;ﬁ?LgegggﬁPttgo be
) [ [ er - bas _
-cleaned in an organic solvent and/or a : A 0 inse
) ' I ppi | ¥El ement in water to thereby
t hereby renove dirt, dipping the optica . ol oy rin
[ -base cl eani ng agent adhering
off the organic solvent and/or water _ 9 Jadnering to the
i I ppi he optical elenment in a hydrophi (
optical elenent, dippingt _ _ o herenth
t hereby replace the water adhering to the optical elenent 04

R o er i o] it seiopact: o tther abover|A%RNIRG ageltd ARlpdd;C. SO vent

adheri ng tOt&ga,OQ%LF%LnSLeg%nLoiling points at atmospheric pres-
sure is within 5°C and the composition exhibits azeo-
tropic or azeotrope-like properties so that ﬁhe compo-
sition change ié scarce irrespective of the vaporiza-
tion or evaporation. Therefore, the composition cﬁange
attributed to uneven evaporation of cleaning agent
components during the cleaning operation can be pre-
vented and uniform cleaning capability can be retained
irrespective of the use for a proionged period of time.

- Purther, the composition change can be avoided in the

storage vessel during the storage thereof.

The cleaning agent composition preferably com-
pPrises 82 to 88% by weight of at least one aliphatic
hydrocarbon with 6 carbon atoms containing at least 56%-
by weight ofhé;methylpentane and 12 to 18% by weigh£ of
at least one lower alcohol with 1 to 3 carbon atoms
containing at leas; 85% by weight of ethyl alcohol.
This cleaning agent composition exhibits azeotfopic
properties to thefeby not only have its boiling point
lowered as campared with those of the components there-
of but also exhibit a composition change upon distilla-
tion as low as less than about 5% with respect to each

of the lower alcohol component and the aliphatic satu-

. | rated hydrocarbon component, which attests to stabili-



el ement to thereby renove the water
=l nsol ubl e solvent fromthe optical el emrent for finishing, wherein the
wdt er i nsol ubl e sol vent consists essentially of at |east one saturated
-hydrocarbon having 8 to 12 carbon atons whose 95% di stillation point

-falls within 5[err]C of its initial boiling poi nt and whose 99%
its initial boiling point in

.therewith and drying the opti cal

distillation point falls within 10[err] Cggf

distillation at 760 mtHg. In this nethod, the first dipping of the

optical ele- ment in the organic solvent and/or water-base cl eaning

agent renoves nost of dirt conmponents such as pitch, wax, abrasive,
variety of organic solvents can be

finger sebum and dust therefrom A
used which ixpg¢ orinated solvents such as trichloroethyl ene and
|,1,1-trichlor oie"tgﬁane Eﬁét PR P entThat chs asthal kempestepes and

naphthenes KIS Ca 1Y) S Ilnnnene and di pentene, glycol ether
sol vents such as dlethyﬁgﬁédaﬁicgf -E?%e?raﬁﬁaﬂ¢pabpqmene gl ycol

T e T T

agents conpri si 'thevat brarmsiry Q)di@%‘ wiao Wy dgs&dfgéd B os#.Ch The
cleaning power of the solvent-based cleaning agent
composition can be expressed by the dirt dissolving
capability. The solubility parameter'(hereinafter
referred to as "SP") is generally known as a scale for
estimating the dissolving capability. The SP value is
strongly influenced by the polarity of the compound .
Chain compounds such as 2-methylpentane, 3-methylpen-
tane and n-hexane as the aliphatic saturated hydrocar-
bon being a component of the cleanihg agent composition
of claim 15 have pProperties very similar to each other
from the viewpoint of polarlty because of the molecular |
structures. On ‘the other hand, methanol, ethanol,'
isopropanol and n-propanol as the lower alcohol compo-
nent have also properties very similar to each other
from the viewpoint of polarlty Therefore, the clean-
ing power is lnfluenced by the ratio of the component
of aliphatic saturated hydrocarbon as an aggregate of
2-methylpentane, 3-methylpentane and n-hexane to the
component of lower alcohol as an aggregate of methanol,

ethanol, isopropanol and n-propanol.

For example, finger sebum, marking ink, waxes such

\
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kal i buil der and an antifoam ng N
jgg : Su;ggﬁ:agaa ﬁgu?Lal cl eani ng agents conposed of acsggivenzaghgn; as
pri ipal ingredient. In practice, a suitable orgaE! ol vent and

" suitabl ter-base cl eaning agent are sel ected taking ac A
o VViloﬁditions such as the type of adhering dirt, streng

var i i ' an
vailousn etc. The cleaning may be perf86ned . by either ua;Pg fgrst
g?g:ﬁzg sol vent and then a matFr-base clgﬁggggu2%$P; O{he thgs cl eaned
- i nt on . : ’ )
vater- pase clean h?gpggein matgr to thereby rinse off the water-base

P g meont kéditives such as a surfactant and an alkali builder often

crode {he. Suh Apeech AHE BPRAGE sl SLEMLs. 0 o1f' can Be mentioned

satisfactorily be renpved
as the object to be removed with the use of the Clean-
ing agent composition of claim 15. When it is intended
to clean these dirt Components by hand wiping or dipping
with the use of a cleaning agent composition whose
-lower alcohol component content is less than 10% by
weight, the cleaning power is unsatisfactory for finger
sebum, marking ink and rosin oil and removal thereof by
hand wiping cleaning becomes difficult. Thus, the content
of at least one lower alcohol is required to be at
least 10% by weight for obtaining satisfactory cleaning
power and is desired to be at least 12% by weight for
facilitating the cleaning.

The damage on the item to be cleaned will be de-
scribed below. The cleaning agent composition of claim |
15 is applied to metals, glasses, ceramics, thermoplas-
tic resins and plastlc elastomers as the material of the
ltem to be cleaned. The .corrosion of these materials
caused by dipping or hand wiping cleaning depends on the
content of lower alcohol component. When the lower
alcohol component ratio ranges from 5 to 50% by weight
based on the composltlon, metals and glasses have no
changes and are free from the influence of the cleaning
agent composition. Also, thermoplastic resins whose

internal stress residue is slight are free from any



in this step. The rinse is generally nore effective when the water
tenperature Is high than when the water tenperature is |ow. The rinse may
‘also be perfornmed by alternating dipping in water of |ow tenperature; for

- .exanple, 20[err]C and dipping in water of hot tenmperature, for exanple,

-60[err]C. Wth respect to the type of water, pure water is preferred but

city water and well water may al so be used. Thereafter, the optical
elenment is dipped in a hydrophilic sol Bt to thereby replace t he water
adher- ing to the optical elenent therewith. The hydrophilic

26 solvent is not particularly limted as long as it can dissolve water -

and can renove the water adhering to the optical elenent therewth.
General ly, isopropanol (IPA) or ethanol is used as the hydrophilic sol vent

from the vi eprobliene awadg ialsy tde ﬁ%ﬂh&?%ﬂ%dﬂ%ﬁ?%dﬂﬂ%neut ratio
ranges from 5 to 50% by weight based on the composition.
However, thermoplastic resin products whose internal
stress residue is extensive because of injection or
other rework occasionally suffer from cracking or other
corrosion effect when the lower alcohol mixture coﬁpo-
nent ratio exceeds 35% by weight based on the composi-
Fion. Therefore, it is requisite that the ratio of
lower alcohol mixture component be not greater than 34%
by weight based on the composition for ensuring wide
applications to various items to be cleaned irrespective
of the type of the material thereof as a cleaning agent.
The ratio is preferred to be not greater than 20% by
weight based on the composition taking into account
safety factor set in consideration of the difference of
residual stress level between various products.

The cleaning agent composition of claim 16 is one
whose total content of n-hexane, methanol, isopropanol
and n-propanol is.;ess than 10% by weight based on all
of the composition. This composition ensures greater
safety.

Among the components of the cleaning agent compo-
sition, n-hexane, isopropanol and methanol are catego-~
rized as the Class 2 organic solvent by the organic

solvent control reqgulation of Japanese Industrial



[ [ I's dipped in the
. Still thereafter, the optical elenment is : _
g?:éhing agent of saturated hydrocarbprlacQO{dln? ;Spfrgaf{gﬁeBE LR;EPE;Fn
tor t hereby replace the above hydrophilic so vent. pl1 cat he Deleerty
: ch as oscillation or jet is effective in inc g
~g?r?gplzging t he hydrophilic sol vent VMé?b t?e satgrggegkgy?goiggbﬁﬂ& :2
Fti [ [ f ultrasonic ration o O |
B Tt oot in i ing the velocity. Specifically,
fre- quency is nost effective in increasing elocity.  Specl
[ first.tank charged with the clean- ing agent ( _
Lgdﬁggarhgn, applicatign of physical force is especially effective in

[ f
' ' cenent because a | arge anount o .
I ncreasing the velocity of repla o Pt asoni ¢

hydrophi | i ¢ Salfeeyt si Hygdaae Bawt.0 i%%‘%%ilci!s %‘%ﬁgh cREegOz zed] and

i i i ' hi [Tc ™SO
bration is applied, the adhering rop ¢ “sol _
XgnpulsoriIyaaig-poﬁsoaeds aatéh&hltheMSk%B%E%bbghbtég&ﬂfgggg&'nto t he

saturated hydrocarbon is increased. The saturated hydroca Senpl oyed in
this nmethod RR}PCBBtZAtLonsacsif n-hexane, methanol, isopropanol and
n-propanol are 50, 100, 400 and 200 ppm, respectively.
These values are lower than the permissible concentra-
tions of other components and, taking safety into
account, it is preferred that the total content of n-
hexane, methanol, isopropanol and n-propanol be limit-
ed.

| The cleaning agent composition of claim 17 is one
ﬁhose water content is less than 2000 ppm by weight so
that the composition is substantially free of water.
This composition realizes the state of having no stain
after drying while maintaining azeotropic or
azeotrope-like characteristics, 80 that the cleaning
quality improvement can be attained to thereby enabie
application to precision cleaning.

When the water content of the cleanihg agent compo-
sition is high, waﬁer is not entirely e#aporated even
after the evaporation of the cleaning agent composition
because water.has a very large latent vaporization heat,
So that the phenomenon appears that particulate water
reméins on the surface of the cleaned item. The inven-

tors’ study has showed that, when the water content is

2000 ppm or higher, particulate waﬁer remains on the



.27 fin or may be principally conposed of isononane having 9 carbon
.atons. Finally, the cleaning agent of saturated hydrocar- bon
adhering to the optical element is vaporized to t hereby dry and finish
el ement. Vari ous dryi ng nmet hods are avail abl e which include

‘t he opti cal
~t’"he net hod I n which hot air of about 80[err]C cleaned by passing it
through a precision filter to thereby r38ve dust is bl own to the above
optical element so that the saturat- ed hydrocarbon is vaporized, the
method in which the optical elenent is irradiated with far infrared
radi a- tion and the nethod in which the vaporization is ef- fected in

vacuum The drying nmethod is not particular- ly limted as | ong as not
e sticking of additional

only can unlfgufmgﬁalag e ¢ ?%ﬂﬂﬂ? out t
as dust but also the sature %kﬁgliﬂ sqyiate- |y

dirt such
renoved. and the retarded evaporation of the water causes stain

on the surface of the cleaned item. The lower the water
content, the more effectively can the staining be sup-
pressed. Therefore, it is preferred that the water
content be less than 1000 ppm, especially, less than 500
ppm. The water content of the composition can be re-
duced by putting an adsorbent or a molecular sieve (for
example, commercially available Molecular Sieve) in the
composition of the present invention. This method m;y
be applied for controlling the water content.

The cleaning agent composition of claim 18 is one
in which the total amount of components having a boil-
ing point of 120°C or higher at 760 mlg is less than
1% by weight and the total amount of components having .
a boiling point of 170°C or higher at 760 mmHg is léss
than 1000 ppm by weight. This composition can satis-
factorily be applied to precision cleaning.

There is the possibility that high-boiling-point
hydrocarbons and other impurities mix into the aliphat-
ic saturated hydrocarbon to be used as a component of
the cleaning agent composition according to the present
invention during the process or intermedi;te step for
producing the same. These occas;onally remain as

residue on the surface of the cleaned ltem, depending



In the step of replacing the hydroprilic sol vent
not only can the optica :
ensured but al so ?he performance of the cleaning agent can be
-'for a prolonged period of tinme by separating
-mi xed in the cleaning agent
water. Gener- ally, if ?II
28 mutual Iy identica _ _
of f the cleaning agent adhering to the optical

i adhering to . -
cl eani ng aggggletely vgporized to thereby enable high-quality

<invention,

finally

t he conponents of the
W thout the QifWHE Jhit er A
cl eani ng agent have 3@ or|zatloné*ﬁxiﬁ§??ﬂéTEH¥ﬂn he Bvent o Hither

vapori zabl e occurrence of residue in the precision cleaning, for

example, finish cleaning conducted prior to optical
coating of lenses, defects such as peeling of the
optical coating film from the lenses would result, so
that the contaminated saturated hydrocarbon cannot be
emnloyed The inclusion of hlgh-b0111ng-p01nt compo-
nents may cause a drop of the drying rate. The inven-
tors’ study has showed that the inclusion.of components
with a boiling point of 120°C or higher in an amount of
greater than 1% by weight renders the retardation of
the drying rate conspicuous while the inclusion of
components with a boiling point of 170°C or higher in

an amount of greater than 1000 ppm would cause residue

according to the present

finished with high quality
Cher el van, mai nt ai ned

of f the hydrophilic so}vent
of saturated hydrocarbon with the use o
the conpone88s of the cleaning agent have

[ ion rates in the step of vapori zi ng
Lapor ) zat elenment, the film of

[ t is uniformy thinned and
the optical el enen e

readily

to remaln on--the surface of the Cleaned and dried Ltem,.

so that the application to prec;sxon cleaning becomes
difficult.

From the viewpoint of inhibiting the inclusion of
impurities, it is preferred that the aliphatic saturat-
ed hydrocarbon be.aynthesized directly from a gaseous
hydrocarbon..

The precision cleaning method of claim 19 com-
prises impregnating fibrous matter with the cleaning
agent composition of the present invention adapted to

exhibit azeotropic or azeotrope-like characteristics



‘conponents first vaporize while conponents whose vapor - | zation is
~di'fficult remain in spots with the result that uni form dryi ng cannot be

- effected. Dust or other matter coheres at spotted parts, so that stain
Tesults to thereby disenable high-quality finishing. Wien a  hydrophilic
“organi ¢ solvent is carried fromthe previ- ous tank, its vaporization
rate is different fromthat of the @&@ani ng agent of sat ur at ed
hydr ocar bon accord- ing to the present invention, so that stain is
caused. Further, the hydrophilic organic solvent is likely to absorb
noi sture of the air, so that the water content t hereof increases. Water

Is one of the major causes of staining. Therefore, the concentrations of

the hydro- apikd mWipimgganisarggkye X i n_the cl eani ng agent of
saturated hydrocarbon and the mat§? ggn?§?ﬂe5°tﬁ8r€ﬂﬁan swibth ¢hetrol |l ed
| ow. For thelBemegomtetl fhbrogschattet’ BYi gR§q0T the hydrophilic organic

sol vent mixed in As mentioned above, th

P e respective ratlos of the
allphatic saturated hydrocarbon and lower alcohol
components to the composition are highly stable irre-~
spectlve of the vaporization or evaporation, so that
the cleaning Performance of the composition is also
highly stable in the Present invention. Therefore,
when fibrous matter is impregnated with the cleanzng
agent compositlon of the present invention and w1p1ng
is carried out by hand with the use of impregnated
fibrous matter, the Ccleaning agent composition remain-
ing in the fibrous matter has little change of compo-
nent ratios 1rrespective of the evaporation of the
cleaning agent composition from the fibrous matter, so
that wiping cleaning can be performed while exertxng
cleaning power which is stable up to the complete

drying of the fibrous matter. Examples of fibrous

matters to be impregnated with the cleaning agent

s
ynthetic fiber cloth and nonwoven fabric and papers

such as wiping paper.

Effect of The Invention

In
the cleaning method of the present invention
14

use is ma
de of a cleaning agent consisting essentially



i bon and the water
| eani ng agent of saturated hydrocar _ _

;ggntalnggetﬁereln ga gydrophlllc organi c s?lge?g th;epngnghgséggemf?ﬁa?Lg
) necte

of- continuously renoving these is con that the ol sant oG avent of

: n agent of saturated hydrocarbon so o '
-\ggfﬁpgtgd hygrocarbon can be recycl ed. The abgvs_hyd&gggilzﬁ ?:gan
‘solvent renoving device conprises a velsel accommoda |ng R i oner
| ower part and a cl eani ng agent of saturatgdhhédgggﬁgbn n?xed L5 upp

the cleaning agent of saturated hydr _

Esaﬁbpxrfpc or gan- icgsolvent Is introduced in the water layer, it floats

LS. . : I ng the passage
up because of the speC|f|c graV|ty dlffergnce andz during e Pennved.

t
I t he r o- h|||c organi ¢ sol ven ]
}\/Eg(r)lgggr tehgr oVi ?ed a‘?'}%vﬁ%d‘ IIEES’#TQ@ ham thayfirspt8ires egh hydr ocar

be recycled to the

d of | c_solvent to

repl aci ng taﬁ&}%’ﬁ%ﬁ%aﬁ o AL iy R agi e iy stoc e
W th the clead G&s AN LAY $LiREIN ose 99% running

point falls within 10°C of its initial boxling-point in

distillation at 760 mmHg. Thus, the cleaning method
not only resolves the drawbacks of the conventional
hydrocarbon-based cleaning agent such as nonhazardous-
ness to human, smell and poor finishing quality but
also does not destroy the ozonosphere because of the
absence of chlorine and is free from the danger of
environmental poilution attributed to mixing in ground
water. Further, the Cleaning agent composition has the
same power as that of the chlo;inated cleaning agent
such as freon 113, so that high-quality removal of dirt
can be performed from the item.
' Further, the use of the cleaning agenﬁ of satuﬁat- '
ed hydrocarbon according to the present invention
enables using vapor in an amount which is stable and
does not change irrespective of the passage of time, so
that high-quality removal of dirt from the item to be
cleaned can bé performed for a prolonged period of
time. ._

Still further, the performance of the Cleaning
agent composition of saturated hydrocarbon according to

the present invention can be maintained for a prolonged

This Sheet
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has greater tendency for dissolution in water. The hydrophilic organic -
solvent is transferred into the water |ayer by the passage therethrough
‘With the result that the cl eaning agent of saturated hydrocarbon is fréed

.of the hydrophilic organic solvent to thereby
30 enabl e controlling | ow the concentrations of the m xed hydrophilic

organi ¢ solvent and the water contaiggd therein. Thus, dirt adhering to
the optical elenent can be removed with high quality ensured for a pro-
| onged period of time. The efficiency of dissolution of hydrophilic
organic solvent in water is enhanced by atom zing the saturated

hydr ocarbon m xed with the hydrophilic organi c solvent with the use of,
| ate or a net so as to increase the area of

Lg;tgé?n;nthghéyéFpﬁﬂfhlng &ecycldagewhile removing dirt compo-
nen#s mif?d therein with the use of water, so that the
running cost can be held low. '

Moreover, the cleaning agent composition compris-
ing 66 to 90% by weight of at least one aliphatic
hydrocarbon with 6 carbon atoms containing at least 44%
by weight of 2-methylpentane and 10 to 34% by weight of
at least one lower alcohol with 1 to 3 carbon atoms
containing at least 85% by weight of ethyl alcohol to
exhlbxt azeotropic or azeotrope-like characteristics
not only exerts very excellent dryability and cleaning
Ccapability but also enables maintaining low corrosive
effect on various materials and excellent composition
stability during the cleaning operation and étorage.

Further, the cleaning agent composition whose
total content of n-hexane, methanol,'isopropanol an&
n-propgnol is'lesg than 10% by weight based-on all of
the composition enables ensuring nonhazardousness to
human.

Still furthef; the cleaning agent composition
whose water content is less than 2000 Ppm by welght
enables suppressing stalnlng and 1mprov1ng cleanlng
quality.

The cleaning agent composition in which the total

amount of components having a boiling point of 120°C or



instead of the sinple passage through the mate; ont

| ¢ Moreover, the present invention provides a clean- ing ag
tg%ggéition for hand mﬁpin% gonprhsingtgﬁstgon?g?;P%gmgigréagI 22@ég§st one
“al i i carbon wit car bon _

gg:gﬂ?tlgfhg?ggthylpentane and 10 to 34% by wei ght of agwlgas&eioEf L?mer
alcohol with 1 to 3 carbon atons containig4g at |east 8 ?kae g

ethyl alcohol to thereby exhibit azeotropic.or azeotropﬁEthOd compr i s-
characteristics and also provides a precision cleaning et hod compris:
ing inpregnating fibrous matter with this cleaning agen 4 mFPh e

hand wi ping and wi ping a surface of an itemto be cleane

brous matter by hand.
ggpregnated ghgrgFlﬁﬁa?ﬁe BOEgIr b elledy denaar beNbgNHel ML and the

total amount of components having a boiling point of

‘into the water |ayer

170°C or higher at 760 mmHg is less than 1000 ppm by
ﬁeight enables maintaining extremely low residue and
excellent dryability.

" In the precision cleaning method comprising im-
pregnating fibrous matter with a cleaning agent compo-
sition for hand wiping comprising 66 to 90% by weight of
at least one aliphatic hydrocarbon with 6 carbon atoms
containing at ‘least 44% by weight of 2-methylpentane
and 10 to 34% by weight of at least one lower alcohol
with 1 to 3 carbon atoms containing at least 85% by
weight of ethyl alcohol so as to exhibit azeotropic or
azeotrope-like characterlstlcs and wiping a surface of
an item to be cleaned with the impregnated fibrous
matter by hand, the cleaning agent composition has
little change of component rétios irrespective of thé
evaporation of the cleaning agént composition from the
fibrous m&tter, so that wiéing cleaning can be per-
formed while mainéaining stable cleaning power up to
the complete arying of the fibrous matter.

Preferred Embodiment of The Invention
The present invéntion will now be described in
greater detail with reference to the following Examples

and Comparative Examples; which should not be construed



o~

) . . . . i n
?alcohol as conponents of the conposition of the preseﬂt |P;§E};gn ggn:ﬁat,
ho hal ogen el enents destructing thg IOfon?ﬁghggﬁngghérg gg eoules, s
P [ tered into
even if evapo- rated and scat t he 0 e e ver el v
’ tai ni ng them do
ng operation, the conposition con
gifggi ?hepozonosphere and are clearly Qﬁphazardpus to_thecglo??g_ ' ng
t nospher e. The conposition of the esent invention gpthe | oneS
?he arlphatlc saturated hydrocarbon having 6 carbon atons ageotrope-liké
al cohol having 1 to 3 carbon atons exhibits azeotaoElc QL ﬁeans ope
i i " i c" used herei
istics. The term nology "azeotropic" u : .
Srgggftgrgﬁgh that a mxture of a plurality of com pounds has a singl

a_single conpound. The
stabl'e apparaat 1bmiting Eﬁénscaggn1§$g§éef§vﬁﬂgk tha% that of each of the

boi l i ng point of the azeot r opi Fu ther, with
plurality of Exampbe

T ' k9.4 e i dentica
ect to the azeotroplc n1xture i
[):tsa/een the vapokxampbes ahdts he éjt:é]ue ll;Eéég @f %ﬂ;a é}pé)r ltlgoés
he term nol ogy "azeotrope-
equ|||br|L”an; removing dirt from an item to be cleaned with the

use of the cleaning agent of saturated hydrocarbon.
éccording to the present invention. Examples 7 and 8
are examples of cleaning methods in which, after dirt .
removal and before drying, the item is treated with the
cleaning agent of saturated hydrocarbon according to
the present invention.

A 60 x 70 mm plate of SUS 304 was uniformly coated
with 1.0 g of cutting oil Unicut GH-35 (trade name, -
produced by Nippon 0il Co., Ltd.), thereby obtaining
item to be cleaned A. 0.5 g of cutting oil Daphne cut )
HS-1 (trade name, produced.by Idemitsu Kosan Co., Ltd.)'-
was injected in a blind hole of 5 mm in diameter and §
mm in depth of a SUS 304 block thereby obtalnlng item
to be cleanéd B. The cleaning procedure employed is as
shown in Fig. 1. Dirt was removed in the first tank

) and finishing was conducted in the second tank. The
second tank was disposed just before the drying step.
In each of the tanks, the cleaning was performed by
dipping the item in the cleaning agent held at room
temperature for 1 min while applying ultrasonic vibra-

R . tion of 100 W / 40 KHz Output. 1In the drying step,



.herei n neans t he property such that a mxture of a plurality of conpounds

chas a boiling point range fall- ing up to 5[err]C of the boiling point of
"fhe azeotropic 32 conposition at
-at nospheric pressure (760 nmHg) and exhi bits behavi or approximating to a
. Si ngl e conpound. The conposition of claim15, i.e., the cleaning

agent conposition for hand w ping conprigging 66 to 90% by weight of at

| east one aliphatic hydrocarbon with 6 carbon atons containing at |east
44% by wei ght of 2- nethyl pentane and 10 to 34% by wei ght of at |east one
| ower al cohol with 1 to 3 carbon atonms containing at |east 85% by wei ght
of ethyl alcohol has a boiling point ranging from52 to 55.5[err]C at

at nospheric pres- sure. This boiling point is significantly |ower than
those of thegoeapanenwas(blowhats ctisdt Lea@hcgoRYIrRLRL - TROERYavi ng 6 carbon

atons and | ower al cohol having 1 to
evaluation of cleaning performance after the drying
step, the appearance was visuallj inspected to find
whether or not any stain is present and to find whether
or not any liquid remains on the item surface with
respect to the dryability. Further, any oil remaining
on the item was extracted with trichlene and the ab- |
sorbance of the extract was measured. The oil removal
ratio was calculated from the measurement. Evaluation
results are given in Table 1. In the column "removing
capability" of Tabie 1, the mark "o" means an oil
rembval ratio of over 99%, the mark fA“ an oil removal
ratio of 50 to 90% and the mark "x" an oil removal
ratio of less than 50%. In the column "stain" of Table
1, the mark "o" means that stain was not found on the |
item surface and the mark "x* means that stain was.
found on the item surface. _In Table 1, "PGMeAC"'ié
propylene glycol monomethylacetate (b.p. 143°C) catego-
rized as flash point classification no. 3 of dangérous'
commodity wh;ch was produced by Kuraray Co., Ltd., and
"Daphne alpha cleaner H" is cleaning agent of isoparaf-
finic hydrocarbon (b.p. 210 to 263°C) categorized as
flash point élassification no. 3 of dangerous commodity
which was produced by Idemitsu Kosan Co., Ltd. Table 2

specifies 95% running point and 99% running point
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-3 carbon atons) as shown in Table 6. _ Table 6
yConpo- 2-nethyl- 3-nethyl- n-hexane net hanol ethanol n-propa- iso- nent

pent ane pentane no 1 propanol b.p. 60. 3
"63.3 68. 7 64. 6 78.3 97. 2 82.4 The rel ative eval uation

-of drying rate of solvent-based cl eani ng agent conposi tions can be made
by conparing boiling points. GEneraIIﬁﬁtrualomer the boiling point, the
greater the drying rate. Therefore, the cleaning agent conposition of
claim 15 has a drying rate greater than those of the conmponents.
33 ' Wth respect to the above cleaning agent conposi - tion, the
range of boiling points at atnospheric pres- 'sure is within 5[err]C and
the ConpOSItéggpgégégéésrgﬁggg of each cleaning agent of saturated
hydrocarbon employed in Examples 1 to 8.
Referring to Téble 1, saturated hydrocarbons were
used in both the first and second tanks of Examples 1
to 5. In the examples, the mark "o" was obtained with
respect to all of the oil removing capability, app;ar-
ance and dryability. In Examples 6 to 8, the above
high-boiling-point solvents were used in the first tank
and saturated hydrocarbons were used in the second
tank. 1In all of Examples 6 to 8, the mark "o" was
obtained with respect to all of the oil removing capa-
bility, appearance and dryability as shown in Table 1,
thereby demohstratihg the capability of high-quality
finishing.
In Coﬁparative Example 1, use was made of
general-purpose "Daphne alpha cleaner H" domposed
mainly of isoparaffinic hydrocarbon solvent with 14
carbon atoms (b.p. 166 to 202°C categorized as flash
point classificatlon no. 3 of dangerous commodlty and
. produced by Idemltsu Kosan Co., Ltd.). Referring to
Table 1, the mark "o" was given to the oil removing
capability, thereby demonstrating that there was no
problem therein. However, the appearance observation

showed the presence of stain on the item surface.

- Further, liquid remained on the item surface. There-



“tropic or azeotrope-like properties so that the conpo- sition change is
-scarce irrespective of the vaporiza- tion or evaporation. Therefore, the
conposi tion change attributed to uneven evaporation of cleaning agent
"conponents during the cleaning operation can be pre- vented and uni form
*tl eaning capability can be retained i rrespective of the use for a

prol onged period of tine. Furt her, thgxonposition change can be avoi ded
in the storage vessel during the storage thereof. The cl eani ng
agent conposition preferably com prises 82 to 88% by wei ght of at |east
one aliphatic hydrocarbon with 6 carbon atons containing at |east 56% by
wei ght of 2-nethyl pentane and 12 to 18% by wei ght of  at |east one | ower

al cohol with 1 to 3 carbon atons containing at |east 85% by wei ght of

et hyl al cohdiore Hi% i@ &aem Fhadether mae o ihydrodadhidns wiANO o C
properties tq thereb ot only have its boiling point |owered as conpared
with those df&hdZ% fAlomse causes puablams, gk idayabidicymang ti on

change upon i stj.l.l a- _ti.qn_as | ow _as | ess than about 5% w th respect to
each of the n?’v\#rln% SR T SR FORRAF AT S ExmRLe: 29ause waat ed

hydrocar bon pz e the WontRndibES Sh&%ﬁ%&%%ﬂdﬂ;based éleaning
agent, i.e., kerosene (b.p. 175 to 3zd°c categorized as
flash point classification no. 2 of dangerous cémmadi~
ty). Referring to Table 1, the mark "o" was given to
the oil removing capability, thereby demonstrating that
there was no problem therein. However, the appearance
observation showed the presence of stain on the item
surface. Thus, it is apparent that, when the distilla-
tion temperature range is broad, finiéhing quality is
deteriorated. Further, kerosene has problems in non-
hazardousness to human, stability and smell because
unsaturated hydrocérbons and aromatic hydrocarbons are -
contained therein. 1In Comgarative Example 3, use ﬁas
made oflnaphtesol M and, in Comparative Example 4, use
was made of ethyl carbitol. Although the mark "o" was
given to the oil ;emoving capability in both the com-
parative exa@ples; thereby demonstrating that there was
no problem therein, not only were there stain ahd
liquid residue but also the dryability and finishing
quality were poor. Further, there were strong smell

problems in both the comparative examples.



-34 zation of the conposition. That is, the conposition change
cattributed to the vaporization or evaporation during the cleaning
operation is very slight. The cl eaning power will be described

“bel ow. The cl eani ng power of the solvent-based cl eani ng agent

> conposition can be expressed by the dirt dissolving capability. The
solubility paranmeter (hereinafter refggred to as "SP") is generally
known as a scale for estimating the dissolving capability. The SP val ue
S strongly influenced by the polarity of the conpound. Chain
conpounds such as 2-net hyl pentane, 3-net hyl pen- tane and n-hexane as the
al i phatic saturated hydrocar- bon being a conponent of the cleaning
agent conposition of claim 15 have properties very simlar to each other
fromthe viewpoint of polarity becaus&abletihe nol ecul ar

Cleaning agent employed Evaluation
remov- |lstain |drya-
. cgga- bility
No. 1st tank 2nd tank bifity -
A|B}]A]|B
1 |iscoctane (C=8) isooctane oo |o}] o o
2 |isononane (C=9) isononane ojojfofo o
Exam- 3 |n-nonane (C=9) u ojlolo]o o
ple 4 [n-decane (C=10) . o] o o| o o
S |isododecane (C=12) " 0|l o}jo] o o
6 |ethyl carbitol n-decane (C=10)| o | o | 0 | o o]
7 |PGM-AC isononane (C=9)] o | 0o | 0o | o o
8 |naphtesol M * (C=9)] o} o o o o
Pl [ammepn [0 5[5 -
Comp.| 2 |kerosene - 'kerosene olo| x x
) naphtesol M naphtesol M ol o
4 |ethyl carbitol ethyl carbitol | o | o




~structures. On the other hand, methanol, ethanol, isopropanol and
f-propanol as the |ower alcohol conpo- nent have also properties very
~si'mi lar to each other fromthe viewpoint of polarity. Therefore, the _
"clean- ing power is determned by the ratio of the conponent of aliphatic
: saturated hydrocarbon as an aggregate of 2-nethyl pentane, 3-nethyl pentane
and n-hexane to the cofponent of | ower &9 cohol as an aggregate of

nmet hanol , ethanol, isopropanol and n-propanol. . For exanple, finger
sebum marki ng ink, waxes such _ 35
as pitch and fluxes such as rosin oil can be nentioned ~as the object to
be renoved with the use of the clean- i ng agent conposition of claim15.
When it is intended to clean these dirt conponents by hand wi ping or

di ppi ng with the use of a cleaniakbdeer@ conposition whose | ower

al cohol conponent content is |ess than 10% by

Running point
temp. range

Satd. hydrocarbon 95% 99%

isococtane (C=8) 113 - 115 113 - 116

ethylcyclohexane (C=8) | 129 - 133 129 - 134

isononane (C=9) 133 - 137 133 - 138
n-nonane (C=9) . 150 - 151 150 - 152
n-decane (C=10) 169 - 172 169 - 173
isododecane (C=12) 189 - 194 189 - 169
Example 9

Fig. 2 is a sectional view of the apparatus used
in this Example. Nuﬁergl 101 denotes a vapor drying
tank, and a heater 102 is inserted in its bottom paft.
The heater'102 is supplied with heat by a steam boiler
and the temperature thereof is controlled by means of a
pressure regulatiqn valve 104. A chiller coil 105 is
provided at an upber-part of the vapor drying tank 101,
which cools and liquefies the solvent vapor. The
liquefied solveﬂt is transferrgd through a recovery
pipe 103 and recovered in a reco&ery tank 106. The
recovery tank 106 separates_dewed'and mixed water and

the solvent freed of water is caused to overflow from
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caused by di

.weight, the cleaning power is unsatisfactory for finger sebum mar ki ng
.ink and rosin oil and renoval thereof by hand w pi ng cl eani ng becones

. difficult. Thus, the content of at |east one |ower alcohol is required
-to be at | east 10% by wei ght for obtaining satisfactory cl eaning
-power and is desired to be at |east 12% by wei ght for facilitating the
cl eani ng. The damage on the itemt@? be cleaned will be de- scribed
bel ow. The cl eani ng agent conposition of claim 15 is applied to netals,
gl asses, ceram cs, thernoplas- tic resins and plastic elastonmers as the
material of the itemto be cleaned. The corrosion of these materials

ppi ng or hand w ping cl eani ng depends on the content of | ower

| cohol t. Wen t | cohol t.rati f 5
o' 5056 by weLBRT TocREERY EAnk LB (PEREE FEY POTLHA (PASERS have no

to 50% by
changes and
conposi tion.

S FrRETLe Ao cCl TR Wrare? SRR Pone THRT .,

slight are fi@Ret&PM 6MYdenotes a drain.

In this Example, the employed solvent was highly
purified isoGGtane whose initial boiling point, 95%
running point and 99% running point were 113°C, 115°C
and 116°C, respectively, which was selected from among
the saturated hydrocarbons listed in the above Table 2.

The highly purified iscoctane was introduced in
the vapor dryiﬁg tank 101 of the above apparatus, and
the boiler_input steam pressure was set at 1.8 kgf/cmz.
The heating temperature was 117°C which was satisfacto-
ry for vaporizing the highly purified iscoctane.

Pressed copper parté as items to be cleaned were car-

due is

ried in piled form into vapor zone of the vapor drying g

tank 101. -The vapor was applied to the surface of the
pressed parts and the isooctane liquefied by the
pressed parts was recovered in the vapor drying tank
101. The pressed parts were taken out 2 min later.
Appearance igspec%ion showed that there was no stain
adhesion.

In this Example, the vapor drying with the highly
purified isooctane enables drying contact portions of
the piled parts and further enables performing the

above drying by the use of the apparatus of simple
_—
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.36 problehs as long as the | ower al cohol conmponent ratio ranges from
,5:to 50% by wei ght based on the conposition. However, thernoplastic resin
preducts whose internal stress residue is extensive because of injection
0r ot her rework occasionally suffer from cracking or other corrosion
-effect when the | ower al cohol m xture conpo- nent rati o exceeds 35% by
wer ght based on the conposi - tion. Th&¥efore, it is requisite that the
rati o of | ower al cohol m xture conponent be not greater than 34% by
wei ght based on the conposition for ensuring wide  applications to various
items to be cleaned irrespective of the type of the material thereof as a
cl eani ng agent. The ratio is preferred to be not greater than 20% by
wei ght based_on the conposition taking into account safety factor set in
consi der at | ofitBRCHHES di 3P cFRAE LR ruRRiRguEPSEt FRBSDEcl@VeBedween vari ous
products. ExamT?g fbeanlng agent conposition of .claim16 is one
Fig. 3 shows the structure of the apparatus used
in Example 10, a modification of Example 9. Numeral
201 denotes an airtight cleaning tank 201. An item to
be cleaned is carried therein and undergoes vapor
drying. Then, it is carried out of the same. This
airtight cleaning tank 201 has a double structure
consisting of an external jacket portion and an inner
vapor drying zone. Vapor is passed through the exter-
nal jacket portion so that the inner vapor drying zone
is heated to thereby ensure the complete transfer of
vapor heat to the item to be cleaned. A leak valve 218
is connected to the airtight cleaning tank 201, which
restores the internal pressure of the tank to atmos-
pheric pressure. '
This airtight cleaning tank 201 is connected
through a vapor supply valve 203 to a vaporization tank
202. The vaporization tank 202 has its insidé provided
with a U-shaped héating pipe and heats the solvent to
thereby vaporize the same. The vapor supply valve 203
controls the amount of solvent vapor supplied to the
item to be cleaned introduced in the airtight cleaning
tank 201. After the completion of vapor supply to the

item to be cleaned, a pressure reducing valve 204 is



. whose total content of n- hexane, nethanol, isopropanb! and n-propanol is
-Jess than 10% by wei ght based on all of the composition. This conposition
ensures greater safety. Among the conponents of the cleaning agent
"conmpo-  sition, n-hexane, isopropanol and nethanol are catego- rized as
>¢he Class 2 organic solvent by the organic solvent control regulation of
Japanese | ndustri al. — : 52 37 Safety &
Hygi ene Law. Met hanol is further categorized as a poi sonous material .
Mor eover, the perm ssible concentrations of n-hexane, methanol,
| sopr opanol and n-propanol are 50, 100, 400 and 200 ppm respectively.
These val ues are | ower than the perm ssible concentra- tions of other
conponents and, taking safety into account, it is preferred that the
total contefPestechand gvacvation hénaxedld'@s’rchjamﬂamcbm-q)mmnm be
imt- pump 205 so that the item to be cleaned is dried.
A cooler 206 is interposed between the pressure
reducxng valve 204 and the vacuum pump 205. This
cooler 206 cools and liquefies the vapor prior to
introduction in the vacuum pump 205. Numeral 207 ~
denotes a solvent recovery tank connected to the vacuum
pump 205 and numeral 208 a solvent recovery tank con-
nected to the airtight cleaning tank 201. During the
supply of vapor to the item to be cleaned, a valve 209
is opened to thereby enable recovering the liquefied
solvent in the solvent recovery tank 208. .
Upon the completion of vapor supply, the valve 209
is closed and valves 210 and 211 are opened to thereby
recover the solvent in the solvent recovery tank 208.
This vaporization tank 202 is provided with a liquid
level sensor 212. Upon the detection of lower limit by
means of the sensor, é supply pump 213 is operated and
a valve 214 is opened to thereby supply the solvent
from the solvent fecovery tank 207.
In this Example, a liquid ring pump is used as the
vacuum pump 205. In the liquid ring pump, the seal of
the casing and impeller disposed in the pump is execut-

ed by the use of employed solvent, thereby simultane-

ously carrying out the vacuum retention and the solvent



. ed. The cl eani ng agent conposition of claim17 is one whose water

.content is less than 2000 ppm by weight so that the conposition is
substantially free of water. This conposition realizes the state of having

*no stain after drying while maintaining azeotropic or azeotrope-like

s Characteristics, so.that the cleaning quality inprovenent can be attained
to thereby enable application to precisgg8n cl eaning. When t he water
content of the cleaning agent: conpo- sition is high, water is not entirely
evaporated even after the evaporation of the cleaning agent conposition
because water has a very large | atent vaporization heat, so that the
phenonmenon appears that particulate water remains on the surface of the
cleaned item  The inven- tors' study has showed that, when the water
content is WHBRARRNRL iR yaepum o The (aixtight c¢leaning stankt 2l

and the vaporization tank 202 are heated by a steam
boiler 215, and this heating is controlled by means of
pressure control valves 216 and 217.

In this Example, the employed solvent was highly
purified isononane whose initial boiling point, 95%
running point and 99% running point were 133°é, 137°C
and 138°C, respectively, which was selected from among
the saiurated hydroéarbons listed in the above Table 2.

The cleaning and drying process of this Example
comprised carrying the item to be cleaned in the air-
tight cleaning tank 201, reduction of the internal
pressure of the airtight cleaning tank 201, vapor
introduction into the airtight cleaning tank ﬁ01,
vacuum dryingjhleak foi restoring the internal pressure“
of the airtight cleaning tank 201 to atmospheric pfes-'
sure and withdrawal of the cleaned iteﬁ.
| Before starting the operation, the vaporization
tank 202 was evacuated to thereby realize the vapor-
;iquid equil%briuﬁ of highly purified isononane. The
vacuum pump 205 was operated to thereby reduce the
entire internal pressu;e of the apparatus to 60 mmHg
(=700 mmHg). Thereafter, the vapor supply valve 203
and the pressure reducing valve 204 were closed and the

leak valve 218 was opened so that the internal pressure
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. 38 surface of the cleaned itemafter cleaning and drying . and the

-retarded evaporation of the water causes stain on the surface of the
cl-eaned item The |ower the water content, the nore effectively can the
~staining be sup- pressed. Therefore, it is preferred that the water

- content be less than 1000 ppm especially, less than 500 . ppm The water
content of the conposition can be re- g4 duced by putting an adsorbent or a

nol ecul ar sieve (for exanpl e, commercially available Mlecular Sieve) in
t he conposi tion of the present invention. This method may be applied
for controlling the water content. The cl eani ng agent conposition of

claim18 is one in which the total anount of conponents having a boil -
ing point of 120[err]C or higher at 760 mg is less than 1% by wei ght
and the tot 8 &heuadrdighsmedeaninghianiy 20lavasi esgopednttoof 170[err] C or
hi gher at 760 s |less t han 1000 ppm by weight. This conposition can
satis- faltBPS 5 Ca PFPP&YTLo preci sion cl eani ng. There is the
P e o i bhay mhiedBeddnl ba3182' 95 WYS"932TR0a Fo’ tRlehy hoar 1'% M
 the solvent put in the vaporization tank 202. The

heating steam pressure was 2.5 kgf/cmz. The inside of

the vaporization tank 202 was heated so that the vapor

pressure was increased to 560 mmHg (-200 mmHé) and held

thereat. 'The liquid temperature was 127°C inside the

vaporization tank 202.

This temperature agreed with that of the vapor of

highly purified isononane. Thus, the increase of the

heating steam pressure raises the pressure and tempera-

ture inside the vaporization tank 202 and contrarily

the lowering of the heating steam pressure lowers the

vapor pressH;e and femperature ﬁhereinsidef This means

that the heat supply can be changed depending on tﬁe

thermal conductivity and shape of the item to be

cleaned. The airtight cleaning tank 201 was heated

with 1.0 kgf/cm2 input steam. This heating suppresses

vapor consumption'éttributed to the dewing on the inner

wall at the éime of supply of solvent vapor to the

airtight cleaning tank 201 to thereby have the effect

of improving the efficiency of heat supply to the item

to be cleaned.

Glass lens having undergone the cleaning with a



.ic saturated hydrocarbon to be used as a conponent of the cleaning agent
.cenposition according to the present invention during the process or
intermedi ate step for producing the sanme. These occasionally remain as
-residue on the surface of the cleaned item depending

-39 on the type and content thereof. In the event of the occurrence
of ‘residue in the precision cleaning, $8r exanpl e, finish cleaning
conducted prior to opti cal coating of |enses, defects such as peeling of
t he optical coating filmfromthe | enses would result, so t hat the
cont am nat ed saturated hydrocarbon cannot be enpl oyed. The inclusion of
hi gh- boi | i ng- poi nt conpo- nents nmay cause a drop of the drying rate. The

e por Skt RN S s I 58 e EOB N Ge W 1 2
ment with IPA and dipping in highly purified isononane
was carried in the airtight cleaning tank 201. This
lens was one prior to coating treatment. The pressure
reducing valve 204 was opened to thereby reduce the
internal pressure of the airtight cleaning tank 201 to
410 mmHg (-350 mmHg), the pressﬁfe reducing valve 204
was closed and the vapor supply valve 203 was opened to
thereby supply the vapor of highly purified isononane.

The supply pressure was maintained at 530 mmHg (-
230 mmHg) because of the equilibrium between the air-
tight cleaning tank 201 and the vaporization tank 202
;nd isononane vapor was supplied to the airtight clean-
ing tank 201 because vaporization was promoted to
restore tﬁéméressuré dropped in the wvaporization tank
202 to regular pressure. The vapor temperature was
about 127°C which was identical with that of the liquid
disposed in the vaporization tank 202. The Vapor of
highly purified isononane supplied heat to the lens
carried in the aiftight cleaning tank 201 to thereby
raise the teﬁperature of the lens. This step was
executed for 60 sec.

The set éeriod of 60 sec is not pafticularly
limited. When the item to be cleaned is composed of a

material of high thermal conductivity such as metals,



.greater than 196by wei ght renders the retardation of the drying rate

.conspi cuous while the inclusion of conponents with a boiling point of

170[err] C or higher in an anount of greater than 1000 ppm woul d cause
‘residue to remamin on the surface of the cleaned and dried item so that
- t'he application to precision cleaning becomes difficult. From t he

viewpoi nt of inhibiting the inclusiggof inpurities, it is preferred that
the aliphatic saturat- ed hydrocarbon be synthesized directly froma
gaseous hydrocar bon. The precision cleaning nethod of claim19 com
prises inpregnating Tibrous matter with the cleaning agent conposition of
the present invention adapted to exhibit azeotropic or azeotrope-like

characteristics 40
the period can be shortened. Further, the amount of

vapor supply can be changed by a pressure difference
between the airtight cleaning tank 201 and the vapori-
zation tank 202 at the time of vapbr supply. However,
when the pressufe differénce is too large, bumping
occurs to thereby cause not only vapor but alsec mist to
soar, which becomes a factor detrimental to precision
drying. Therefore, the pressure difference between the
airtight cleaning tank 201 and the vaporization tank
202 is p;fferred to range from 100 to 200 mmHg. During
that period, the valve 209 was opened to thereby recov-
er liquefied highly purified isononane. After the
completion of vapor supply, the valve was closed.

After the passage of -given time, the Qapor supply
valve 203 was closed and the pressure reducihg valve |
204 was opened to thereby reduce the internal.pressure
of the airtight cleaning tank 201 to 30 mmHg (=730
mmig), which was maintained for 90 sec. Thus, the
highly purified i§pnonane adhering to the item had its
boiling poin; dropped in accordance with the reduction
of the pressure of the atmosphere so that the vaporiza-

| tion was pfomoted. Thus, rapid drying was effected.
After the passage of given time, the pressure reducing
valve 204 was closed and the leak valve 218 was opened

to thereby restore the internal pressure of the air-



-and wi ping a surface of an itemto be cleaned with the | mpr egnat ed
fibrous matter by hand. As mentioned above, the respective ratios
of- t he al i phatic saturated hydrocarbon and | ower al cohol conmponents to
“t,he conposition are highly stable irre- spective of the vaporization or
- evaporation, so that t he cl eaning performance of the conposition is also
highly stable in the present inventiof7 Therefore, when fibrous matter
is inpregnated with the cleaning agent conposition of the present

i nvention and wi pi ng is carried out by hand with the use of inpregnated
fibrous matter, the cleaning agent conposition renain- ing in the
fibrous matter has little change of conpo- nent ratios irrespective of

the evapor atiightofclddning WadiXiZWL AGSTH LhSHPIRSEid gﬂréé.ﬂﬂ}é he gy ous

matter, so that w ping cleaning can be perforned while exerting
cl eani ng powhe \grcdesss waisakiompleted t her i gls, pliviifiedfiddigpd i brous
matter. Exanples of fibrous matters to be inpregnated with the cl eaning
agent conpsang @resentuda ¢het Isolvent aramtamaltankb@07cvad, synthetic
fi ber cloth and nonwoven fabric and papers such as w ping paper.
recycled to the vaporization tank 202 by opening the
valves 209 and 210.
" The above procéss was repeated 50 times. However,
the internal pressure of the vaporization tank 202 did
not change, so that stable vapor supply was carried
out. The stepwise valving program and the change of
internal pressure of the airtight cleaning tank 201 are
shown in Figs. 4 and 5, respectively. The glass lens
had no liquid residue after the drying and presented no
quality problem on the drying. | |
In this Example, the internal pressure of the
airtight cleaning tank 201 was reduced only once at fhe“
time of vacuum drying of the item to be cleaned.
However, the preﬁsure reduction and leak can be repeat-
ed a plurality of times. This enables rapidly drying
portions whose drying is difficult such as a blind hole
and a minute slit’’
In this Example, the use of highly purified isono-
nane whose boiling point range is small enables stable
vapor supply without the change of the amount of sup-

plied vapor irrespective of the passage of time and

also enables clean precision drying free of stain



-Effect of The Invention In the cleaning nethod of the present
.ihvention, use is nmade of a cl eaning agent consisting essentially
41: of at | east one saturated hydrocarbon having 8 to 12 car bon
“atons whose . 95% distillation point falls wthin 5[err]C of its initial
=boiling point and whose 99%distillation point falls within 10[err]C of
its initial boiling Point in distilB8tion at 760 nmmHg. Thus, the
cl eani ng met hod hot "©nly resol ves the drawbacks of the conventi onal
hydr ocar bon- based cl eani ng agent such as nonhazar dous- ness to human,
snel |l and poor finishing quality but al so does not destroy the
ozonosphere because of the absence of chlorine and is free fromthe

danger of j yonrgent.al pollutiqn gttributed to m xing in ground
wat er. FurtRer, %Je clr%%ﬁ}fg‘p'ag@rﬁ COMPPsdtdomdoess aat pover as that

of the chloidngigefl JLaHLW ¥ ¥requency of liquid replacement can

be reduced to thereby simplify the handling and enable
reducing running cost. Still further, the use of a
liquid ring pump as the vacuum pump 205 avoids mixing
of the solvent into the oil as different from an oil
rotation pump and minimizes the leak.of inflammable
vapor because of the apparatus becoming a closed system

to ensure safety.

Example 11

Fig. 6 shows the structure of the apparatus used
in Example 11, another modification of Example 9.
Numeral 301 denotes_an airtight cleaning tank;. An item |
to be cleaned is carried therein and undergoes vapor
drying. Then, it is carried out 6: the same. A leak
valve 311 is conneqted to the airtight cleaning tank
301. Numeral 302 is a vaporization tank, which vapor-
izes the solvent by an electric heater for indirect
solvent heating. Numeral 303 is.a vapor supply valve
ihterposed betweeﬁ.the_airtight cleaning tank 301 and.
the vaporization tank 302, which éontrols the amount of
solvent vapqr supplied to the item to be cleaned intro-
duced in the airtight cleaning tank 501. |

After the completion of vapor supply to the item

to be cleaned, a pressure reducing vélve 304 is opened



such as freon 113, so that high-quality renoval of dirt can be perforned
-fromthe item Further, the use of the cleaning agent of saturat-
ed. hydrocar bon according to the present i nvention enabl es using vapor in
“an anount which is stable and does not change irrespective of the passage
“of tine, so that high-quality renmoggl of dirt fromthe itemto be

cl eaned can be perforned for a prol onged period of time. Stil
further, the perfornmance of the cleaning agent conposition of saturated
hydr ocar bon according to the present invention can be maintained for a

' | onged 42 period of tine by
P;gyclgng whi l.e renoving dirt conp nents m xed therein wwth the use of
wat er, so t RRA Pﬂécuatﬁgﬁn@ﬁge&8§ﬂt§dnbﬂemﬁéha péwa vacuum phmpeover, the
cleanlng ag%BE Eﬁe gt rkg_be cleaned is dried. A cooler

307 cools and liquefies the vapor prior to introduction
in the vacuum pump 305. The vaporization tank 302 is
provided with a liquid level sensor 310. Upon the
detection of lower limit by means of the sensor, con-
trol is effected so that a supply pump 308 is operated
and a valve 309 is opened. Thus, the solvent is sup-
plied from a separation'tank 306 to the vaporization
tank 302. |

A water ring pump is used as the vacuum pump 305.
In the water ring pump, the seal of the casing and
impeller disposed in the.pump is executed by the use of
water. The water ring bump simultaneously discharges -
water and the solvent toward the separation tank 306.
The saturated hydrocarbon used as the solvent is immis-
cible with water. Hence, separafion is made in the
separation tank 306 so that the saturated hydrocarbon
constitutes the uﬁper layer while water constitutes the
lower layer. The.water constitﬁting the lower layer is
recycled to fhe pump 305 as the seal water. An
oil/water separation filter can be used for promoting
the separation into the upper and lower layerg.

In this Example, the employed solvent was highly

purified n-decane whose initial boiling point, 95%



ing 66 to 9096by wei ght of at |east one aliphatic hydrocarbon with 6
.carbon atons containing at |east 44% by wei ght of 2-nethyl pentane and 10

t o 34% by wei ght of at |east one |ower alcohol with 1 to 3 carbon atons
<containing a t+ght of ethyl alcohol to exhi bit azeotropic
- Or azeotrope-lH%%Sﬁgﬁ&%%ter'ﬁti S not_only exerts very excell ent

. . een e
dryability and C i . i ni
corrosive ef f 'ﬁﬂHl &HII mat eri al s and excel |l ent conposition
stability during } lloper ati on and storage. Further, the

cl eani ng agent conposition whose total content of n-hexane, nethanol,
| sopropanol and n-propanol is |less than 10% by wei ght based on all of the

it i h o Sl
Furher | nd SRS FOEHE Wi B9V IR B Yord T G 172R0ss ¢ han
2000 ppm by aiRi T3 ° ) HesPoctiRRGSSwhd cH ¥a¥ %1@&4&7@%\4{ 2 g?,L,eanl ng

quality. The cl eani ng agent “conposition in which t anount of
conmponent s e mfghlyigurigied sataratdd eiydrecarbons listed in

the above T;Eie 2.

ﬁﬁ,ility b&0 al so enabl es mai ntai ni ng | ow

As a set-up for the operation of the above appara-
tus, the water ring pump 305 was operated to thereEy
reduce the entire internal pressure of the apparatus.
Thereafter, the vapor supply valve 303 and the pressure
reducing valve 304.were closed and the leak valve 311
was openéd so that the internal pressure of the air-
tight cleaning tank 301 was restored to atmospheric
pressure. The heater was connected to power source to
thereby heat the solvgnt placed in the vaporization
tank 302. The internal pressure'of the vaporization
tank 302 was so reduced that the inside bf the tank was
filled with éﬂé vapof in an amount corresponding td the
Qapor pressure at the heating temperature. The temper-
ature of highly purified n-decane present in the vapor-
ization tank 302 was about 160°C while the internal
pressure of the vaporization tank 302 was held at 560
mmHg (-200 mmHg).

Polished metal parts having been dipped in the
highly purified n-decane after dirt removal were car-
ried in the airtight cleaning tank 301. The pressure

reducing valve 304 was opened to thereby reduce the




43 hi gher at 760 nmHg is | ess than 1% by wei ght and the “total

- ahount of conponents having a boiling point of 170[err] C or higher at
760 mmHg is | ess than 1000 ppm by wei ght enabl es naintaining extrenely
“l ow resi due and excel lent dryability. I'n the precision cleaning
- et hod conprising ii- pregnating fibrous matter with a cleaning agent
conpo- sition for hand w pi ng conpri§$hg 66 to 90% by weight of at

| east one aliphatic hydrocarbon with 6 carbon atons contai ning at |east
44% by wei ght of 2-nethylpentane and 10 to 34% by weight of at |east one
| ower al cohol with 1 to 3 carbon atoms containing at |east 85%by

wei ght of ethyl al cohol so as to exhibit azeotropic or azeotrope-llke

charact eri stinterial Wrdsdtire o thee a&frtigiﬂ-. d1Ad P e LEHWd gy th the
| npregnat ed fi brous matter by hand, the “cl eani ng adent conp05|t|on has
410 mmHg (-350 mmHg), the pressure reducing valve 304
was closed and the vapor supply valve 303 was opened to
thereby supply thé vapor of highly purifiedln-decane
into the airtight cleaning tank 301.
The supply pressure was mainfained at 540 mmHg (-
220 mmHg), and the vapor was supplied into the airtight
' cleaning tank 301 by virtue of the pressure difference
and the heating of the inside of the vaporization tank
302. The vapor sﬁpplied heat to the polished metal
parts carried in the airtight cleaning tank 301 to
thereby raise the temperature of the polished metal
parts. This step was executed for 30 sec.
| After the passége of given time, the vapor supply
valve 303 was closed and the pressure reducing valve
304 was opened to thereby reduce the internal presshre
of the airtight cleaning tank 301 to 30 mmHg (-730
mmig), which was maintained for 90 sec. Thus, the
highly purified n-decane had its boiling point dropped
in accordance with the above pressure reduction so that
the vaporizaéion was promoted. The heat provided by
 the vapor supply was utilized for the vaporization heat
required to execute the drying. |
After the passage of given time, the pressure

reducing valve 304 was closed and the leak valve 311



little change of conponent ratios irrespective of the evaporation of the
. cteani ng agent conposition fromthe fibrous matter, so that w ping
cleani ng can be per- formed whil e maintaining stable cleaning power up to
“the conplete drying of the fibrous matter. Preferred Enbodi nent of The
- I'nvent i on The present invention will now be described in greater .
detail with reference to the foll ow ng E?anples and Conparative Exanpl es,

whi ch shoul d not be construed 44

as limting the scope of the invention. Exanples 1 to 8 and Conparative
Exanples 1 to 4 Exanples 1 to 6 are exanples of cleaning nethods
for renoving dirt froman itemto be cleaned with the use of the

cl eani ng agewds GbpeRédr €é e&xéﬁ’éﬁfcfé%}:e t1RE O Al PidEs RESSSP!

i nvention. Exanples 7 and 8
the airtight cleaning tank 301 to atmospheric pressure.

Then, the process was completed. The above process was
repeated 20 times. However, the internal pressure of
the vaporization tank 302 did not change, so that
stable vapor supply was carried out. The polished
metal parts had no liquid residue after the drying.
Visual inspection thereof showed that there was no
staining.

In this Example, the use of highly purified n-
decane whose boiling point range is small enables
.stable vapor supply Qithout the change of the amount of
supplied vapor irrespective of the.passage of time and
also enables clean precision drying free of stain
residue. Further, the apparatus is a closed system, so
that the leak of inflammable vapor is minimized to
thereby ensure safety. Still further, the use of a
water ring pump has the effect of being capable of
discharging static electricity accumulated in the

solvent by means of water.

Each of the following Examples 12 to 18 is an
example of the precision cleaning method of the present
invention comprising the steps of dipping an optical

element to be cleaned in an organic solvent and/or a



are exanpl es of cleaning nethods in which, after dirt renoval and before
~drying, the itemis treated with the  cleaning agent of saturated

hydr ocar bon according to the present invention. A 60 x 70 nm
“plate of SUS 304 was unifornmly coated wth 1.0 g of cutting oil Unicut
-G+ 35 (trade nane, produced by Nipp%% Ol Co., Ltd.), thereby obtaining
itemto be cleaned A. 0.5 g of cutting oil Daphne cut HS-1 (trade nane,
produced by |Idemtsu Kosan Co., Ltd.) was injected in a blind hole of 5
mmin dianeter and 6 mmin depth of a SUS 304 bl ock, thereby obtaining

item to be cleaned B. The cl eaning procedure enployed is as shown in
Fig. 1. Dirt"Rke<rbadecqleaning agent taonkhershy removei dgreas conducted in
d.tapk was di sposed just before the drying

;P gp.secolnﬁ teggﬁpﬁf“}[] ﬁéet §¥e?§§,ga%he ereaf 48 m&eseLPtheﬁeby rigsgping t he
appl yi ng. Ul t S EEoer 8 oREfALe"Sodwehr 368" oF) VaBeRrb488: 5LPRRLATI he dryi ng
step, agent adhering to the optical element, dipping the

optical element in a hydrophilic solvent to thereby

replace the water adhering to the optical element

therewith, dipping the optical element in the above

éleaning agent of saturated hydrocarbon according to

the present invention to thereby replace the hydrophil-

ic solvent adhering to the optical element therewith

and drying the optical element to thereby remove the

cleaning agent of saturated hydrocarbon from the optié

cal element for finishing. |

Example 12 .

A concavoconvex glasé lens of 16 mm in diametér
composed of glass material BK7 which had a convex
radius of curvature of 46.9 mm and a concave radius of
curvaturé“;% 9.6 mﬁ was used ;s an item to be cleaned.
Pitch dissolved in trichlene and abrasive used in
customary lens polishing were caused to adhere to this
glass lens. .100 ;uch dirty glass lenses were éet on a
three-points supporting jig for lenses as shown in Fig.
10 and each jig was caused to flow through a cleaning

line of 12 tanks specified in Table 3. All the tanks

were moved at a pitch of 1 min.



45 80[err]C air was blown to the itemfor 3 mn. In the eval uation
-of cleaning perf ter the drylng step, the appearance was
visual ly |nspected o flnd or not any stain is present and to

~find whet her or n %#SIB}&“{L fé%gal ns on the itemsurface with respect
c

“to the dr ablllty F remai Qi ng on the itemwas extracted
with tri c%l ene and t ” nce of &he extract was mea;ured. The oil
r enoval rati o was cal cu a n1the measur enent. Eval uati on results

are given in Table 1. In the columm "renoving capability" of Ta?le 1,
the mark "o" neans an oill renoval ratio of over if@b t he mark f_ anf0|
renmoval rati o 90f0 rde o e&% S, atio o
| ess than 50% ?fnartﬁﬁeﬁéz)sol annﬁmsjtiapfnefgi Iﬁ ieq m‘a{ s nmeans that
stai n was nater{to EE-4110 hecledr ity Sgdnic bayud U}P Hiﬁﬁ_[bs. that stain
was found on the itemsurface. |In Table 1, "PGN@A

carbon, produced by OLympus Optlcal Co., Ltd.), which

was heated at 40°C and provided with ultrasonic of 27
"KHz / 600 W and oscillation of 100 mm width once/sec.
Tank nos. 3 and 4 were charged with water-base cleaning
agent EE-1110 (neutral cleaning agent produced by
OLympus Optical Co., Ltd.), which was heated at about
35°C and provided with ultrasonic of 27 KHz / 600 W and
oscillation of 100 mm width once/éec; Tank nos. 5 to 7
were charged with pure water of about 1 MQ in conduc-
tivity, which was provided with ultrasonic of 27 KHz /
600 W and oscillation of 100 mm width once/sec. Tank
nos. 8 to 10 were charged with hydrophilic solvent IPA,
which was provided with ultrasonic df 27 KHz / 600 W
and oscillation of 100 mm width once/sec.

Tank no._il was charged with highly purified
isononéne having 9 carbon atoms whose 95% running point
falls at 4°C from its initial boiling point and whose
99% running point'falls at 5°C from its initial boiling
point in distillation at 760 mmHg as specified in Table
2, which was provided with oscillation of 100 mm width
once/sec only. Tank no. 12'Qas charged with the same
highly purified isononane as in tank no. 11, which was

not provided with ultrasonic nor oscillation. The



propyl ene gl ycol nononethyl acetate (b.p. 143[err]C) catego- rized as
.flFash point classification no. 3 of dangerous comodity which was
preduced by Kuraray Co., Ltd., and "Daphne al pha cleaner H' is cleaning
-agent of isoparaf- finic hydrocarbon (b.p. 210 to 263[err]C) categorized
~as flash point classification no. 3T§% dangerous comuodity which was
prdduced by |demtsu Kosan Co., Ltd. le 2 specifies 95% ditillation

point and 99% distillation point 46
tenperature ranges of each cl eaning agent of saturated hydrocarbon
enpl oyed in Exanples 1 to 8. Referring to Table 1, saturated

hydr ocar bonsl i ing us£dehe Deém thwrdfrsri wasl condudtédnks ofvdleepl es 1
to 5. In the exanples, the mark "o0o" was obtained with respect to all of

the oil reniiynpsabawidsty mmfpsar - In the final drying step, 80°C
air cleaned through a filter was blown to the item for
3 min in a drying oven to thereby remove any adhering
isononane and conduct dry finishing.

Dried glass lenses were allowed to fully cool and,-
20 min later, the'post-cleaning evaluation was conduct-
ed. In the post-cleaning evaluation, the glass lenses
were -put under a fluorescent lamp to make reflection
and visually inspected. Those free of staih were
judged as good items and those with stain judged as
defective items. After the completion of the evalua-
tion, all the glass lenses were coated with optical
thin films and the post-coating evaluation was conduct-
ed. In the post-coating evaluation, the coated glass
lenses were put under a fluorescent lamp to make re-
flection and visually inspected. The evaluation was
made on gﬂg_;nevennéss or uniformity of the optical
thin films. |
As a result, both the post-cleaning and post-

coating evaluatiohs showed that all the evaluated 100
glass lenses were good items and the defect ratio was
0/100. The results are given in Table 4. Therefore,
in this Example, dirt adhering to the precision optical

element can be removed to produce high-quality items



ance and dryability. In Exanples 6 to 8, the above high-boiling-point

-s0l vents were used in the first tank and saturated hydrocarbons were used
in"the second tank. In all of Exanples 6 to 8, the mark "o" was obtained
with respect to all of the oil renoving capa- bility, appearance and
“dryability as shown in Table 1, therebyggenonstrating the capability of

hi gh-quality finishing. In Conparative Exanple 1, use was nade of
general - pur pose "Daphne al pha cl eaner H' conposed nminly of isoparaffinic
hydr ocar bon solvent with 14 carbon atons (b.p. 166 to 202C categorized as
flash point classification no. 3 of dangerous comodity and produced by
| demi t su Kodekthomt gtafn. Referring to Table 1, the mark "o" was given to

the oil remving . capability, thereby denonstrating that there was no
problen1the£§ﬁé£lﬂ§uk&d¥Lﬂ@e appear ance observation showed the presence
O sLaln o Lhe S 98 ot S 1) S Ty fied on the item
surface. There amp was repeated
except that tank nos. 11 and 12 of the cleaning line
were charged with five varieties of highly purified
saturated hydrocarbons having 8 to 12 carbon atoms
whose distillation temperature range from the iniﬁial
boiling point is limited as specified in Table 2.
Evalﬁation results are given in Table 4. ~With
respect to both the post-cleaning and post-coating
evaluations, all the defect ratios were 0/100 in Exam-
ples 13 to 15 and 18 as in Example 12, thereby ensuring
apparent superiority to the following comparativel
éxample results. In Example 16, the defect ratio was
1/100 with respect to the post-coating evaluation
although being 0/100 with respect to the post-cleaning
evaluation. lggwever,_these show significant superiori-
ty to the following comparative example results. 1In
Example 17, the defect ratio was 1/100 with respect to
the post-cleaning.gvaluation and 3/100 with respect to
the post-coating evaluation. However, also, these show
significant superiority to the following compérative
"example results. Therefore, in these Examples, ‘dirt

adhering to the precision optical element can be re-

moved to produce high-quéiity items without stain.



It is seen that the use of hydrocarbon with nore than 12

! e finishing quality. In

oY: es probtens—in dryability and .
oot Sae oo 4 néde of the conventional hydrocarbon-based

Cofpar at i ve Th¥ ¥ ks Been K5 %@ene (b.p. 175 to 320[er] C categorized as

cd eani ng aa " H Referring to
. | no. 2 of dgpgerous commodi-  ty).
fT!a?ISQ I[130I tn:]e muﬂ IHM iven to the oil renoving capability, thereby

denonstrating that there was no problemtherein. However, the appearance
observati on showed the presence of stain on the item surface. Thus, it is

|.SE 141 as tion tenperature range is broad,
?Pﬁ?gﬁpﬁthQé iJEE G ed. Furthepp ker osene has problens in non-

ozl dousncss | M iins aildddc ons&g}eeé ué%m‘ﬁnsﬁgpéﬁe%dn

hydrocarbons and aromatic

Conpar at i ve dxtupl ehat Uek\aDs . car | tor? A 'Nﬁ%@q :1 ’COP ”pf” at ' ve

Exanpl e 4, use was made of ethyl
were charged with isononane having 9 carbon atoms whose

95% running point and 99% runnlng point were 8°C and
19°C from the lnxtlal boiling point, respectively, in
distillation as indicated in Table 5. This isononane
had large distillation temperature range and thus its
purity was ;ow. Evaluation results are given in Table
4. The defect ratio was as high as 13/100 with respect
to the post-cleaning evaluation and as high as 25/100
with respect to the post-coating evaluation. Although
the drying velocity was high without any disadvantage,
the distillation temperature range from the initial
boiling point was large to show a large content of
high-boiling-point components. Thus, a multiplicity of =

lenses suffered from stain.

om aratlve Exam 1e 6

The same procedure as in Example 12 waé repeated
except that tank nos. 11 and 12 of the cleaning line
were charged.with'isododecane having 12 carbon atoms
whose 95% running point and 99% running point were 7°C
and 12°C from the initial boiling point, respectively,
in distillation as indicated in Table 5. Evaluation

results are given in Table 4. The defect ratio was as

THIS SHEET HAS BEEN
REPLACED




given to the oi] removing capability in both the com  parative an&glgs,
-t her eby derpnstrating that there was no problemtherein, not only

[ i qui [ bility and finishing
tain and l.iquid residue but also the drya i
&Bg{ﬁti 3ere poor . Fﬂrther, there were stppng snel |l probl ens Lg both the
) I ve exanpl es. : _
gggFZr?tlv ™ Cl eani ng agent %ﬁployed Evaluattgga_
renov- stain drya- o
No. 1st tank ~—2nd tank bility- A E
A B 1 .isooctane (C=8) | sooct ane o]
2 i sononané‘i(@:@s 42/ hovitke respect to tohé) poOQ:-cIOéaEnxiannq C%valu-

n- nonane (C=
n- decane (C
(CG12)

n- decane (C=

high without any disadvantage, the distillation temper-

n and as high as 5@/10@ m.th xespecto to the EpodtSDdOdeca”e
6 ethyl carbitol
fefﬁgg qyéig;éiqg Althoggh the drying velocity was

ature range from the initial boiling point was large to
show a large content of high-boiling-point components.
Thus, a multiplicity of lenses suffered from stain.
omparative Example 7

The same procedure as ih Example 12 was repeated
except that tank nos. 11 and 12 of the cleaning line
were charged with n-tridecane having 13 carbon atoms
whose 95% running point and 99% running point were 38°C
and 48°C from the initial boillng point, respectively,
in distillation as indicated in Table S. Evaluation
results are given in Table 4.  The defect ratio was as
high as 65/100 with respect to the post-cleaning evaiu-ﬁ
ation and as high as 82/100 with respect to the post-
éoating evaluation. The drying velocity was relatively
low, and the distillation temperature range from the
initial boiling point was large to show a large.cdntent
of high-boiling-psint components. Thus, a multiplicity

of lenses sqgfered from stain.

[

et Has Been Replaced
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7 PG AC I sononane (C-9) o o] o] o] o] 8

. haphtesol M (G9 o0 o o] o o0 1 Daphne al pha
Daphne al pha o] o] X X X cl eaner H cl eaner H
Canp. 2 kerosene ker osene 0O 0 X X x Ex. - 3

- naphtesol M napht esol H ()egc) X X X 4 ethyl
car bi t ol et hyl carbitol o] 0 XX X
Substitute sheet - 14/10/96 _ _ 49 o
Table 2 : R ' Runni ng poi nt H ghly purified
sat d. tenp. range hydr ocar bon 95% 99%
| sooct ane (C=8) 113 - 115 paBis 3 116 et hyl cycl ohexane (C=8)
129 - 133 129 - 134 i sononane ( C=9) 133 - 137{ 1?3 - 138
n-nonane (C=8 450151 150 522 R--desaghe—(L=10
169 - 172  |%@% _ 1{¥0-1-2 | o ¥acirécahdiop £x7 2 No-8-10] Hgell [1o¥.12 1B9 - 196

Type org. water-base|water hgdro— highly purified
solvent|cleaning philic |satd. hydrocarbon
agent solvent
Liq. name|EE-4110| EE-1110 [pure IPA |iso- iso-
water nonane |nonane
Condition|40°C  [35°C 20°¢C 20°C  |15°C  [1s°C
1 min. |1 min. 1 min. 1 min. |1 min., {1 min.
osci- [osci- osci- osci- [osci- |[lifted
llated,|llated, llated, llated,|llated jat low
ultra- jultra- ultra- ultra- velocity
sonic |sonic sonic sonic
applied|applied applied |{applied
Table &
— . Evaluation Result
Liq. used in tank nos. 11-12 post-cleaning|post-coating
evaluation evaluation
12/highly purified isononane (C=9) 0/100 ' .0/100
13|highly purified iscoctane (C=8) 0/100 0/100
1l4|highly purified ethylcyclo- 0/100 0/100
hexane fc-a)
ple |15|highly purified n-nonane (C=9) 0/100 : 0/100 -
16|highly purified n-decane (C=10) 0/100 1/100
-17|highly purified isododecane 1/100 3/100
(c-1z¥ .
18|highly purified isononane (C=9) 0/100 0/100
c S|isononane (C=9) 13/100 25/100
omp.
Ex.p 6{isododecane (C=12) 42/100 56/100
7|n-tridecane- (C=13) 65/100 82/100




Exanpl e 9 . Fig. 2 is a sectional view of the apparatus used in this

- Exanpl e. Nuneral 101 denotes a vapor drying tank, and a heater 102 is
inserted in its bottompart. The heater 102 is supplied with heat by a
steam boiler and the tenperature thereof is controlled by neans of a

" pressure regulation valve 104. A chiller_coil 105 is provided at an upper
part of the vapor drying tank 101, whi c#P cool s and | i quefies the sol vent
vapor. The |Iliquefied solvent is transferred through a recovery pipe 103
and recovered in a recovery tank 106. The recovery tank 106 separates
dewed and m xed water and the solvent freed of water is caused to overflow
from- Table S 50 the recovery tank

106. The overflow portion of the

. |Pistillation characte-
ristic
Liq.: gged %? ignk Flash
s. - 957 running |99 runnin
point point g p?*é?
Comp. 1l|isononane (C=9) 131 - 139 | 131 - 150 24
Ex. 2|isododecane (C=12) 189 - 196 | 189 - 201 64
3in-tridecane (C=13) 212 - 250 | 212 - 260 86
Example 19

A hydrocarbon mixture consisting of 60.1% by
weight of 2-methylpentane, 36.2% by weight of 3-
methylpentane and 3.7% by weight of n-hexane was used
as the aliphatic saturated hydrocarbon with 6 carbonl
atoms. A lower alcohol mixture consisting of 85.5% by
weight of ethanol, 4.9% by wéight of isopropanol and
9.6% by weight of n-propanol was used as the lower
alcohol with 1 to 3 carbon atoms. The hydrocarbon
mixture and the lowef alcohol mixture were mixed to-
gether in varied proportions (lower alcohol mixture
component ratio: 9} 10, 15, 20, 30 and 100% by weight in
Table 7) to thereby obtain mixture compositions in an
amount of 200 g each. These compositions were subject-
ed to simple distillation at atmospheric pressure, and
the boiling point of initial distillate, initial dis-
tillate composition component ratio (hereinafter re-

ferred to as "component ratio of vapor phase") and
. \
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solvent is recycled into the vapor drying tank 101. Nunmeral 107 denotes
-a“drain. In this Exanple, the enployed solvent was highly

purified i sooctane whose initial boiling point, 95% distillation point
and 99% di stillation point were 113[err]C, 115[err]C and 116[err]C,
“respectively, which was sel ected from anong t he saturated hydrocarbons
listed in the above Table 2. TheZlhighly purified i sooctane was
introduced in the vapor drying tank 101 of the above apparatus, and t he
boil er input steam pressure was set at 1.8 kgf/cnferr]. . The heating
tenperature was 117[err] C which was sati sfacto- ry for vaporizing the

hi ghly purified isooctane. Pressed copper parts as itens to be cleaned
were car-  confgbrightpidettd I @Fn ikt A RYmpE £ g tank
101. The vapo:qﬁgs applied to the surfggglof ?ﬁgh b%%?%@@ﬁ paﬁ%%pand t he

i sooct ane | idduadfiilda thont Isillpass thé Rdmes dﬁahab&?@V%b%QJ.h@dt hgevapor
drying tank 101. The pressed parts were taken out 2 mn |ater.

Appear ance Hfdfdali éissidiedet icamposdtdonag hereshaifter adifesired t I'n
this Exanple, the vapor drying with the highly purified |sooctane enables
dryi ng cont &t ﬁ&“BQH%§toFatﬂﬁe°§lﬂéﬁupdrPgaaﬁd)fweraemeasahbes per f or ni ng

the above I ng by the use of the apparatus of si | e
%&& r%sﬁ& ts are given in Tg le 7. The aggve initial

disti};gte_Sggpositiqn_is a distillate composition
harvested when the boiling point rise has been stabi-

lized after the start of outflow of distillate.

Table 7
b.p. (°C) . , 62.0 | 55.5 | 55.0 | 55.1 | 55.3 | 78.5
Lower alcohol mixt. . .
component ratio (wt.Z) of 0.0 9.6 | 15.1 | 20.8 | 31.8 [100.0
liqg. phase
Lower alcohol mixt. .
component ratio (wt.Z) of 0.0 | 15.7 | 16.1 | 16.5 | 16.7 |100.0
vapor phase .

Referring to Table 7, the boiling point of-the
mixture combggition fanged from 55.0 to 55.5°C when the
lower alcohol mixture (consisting of 85.5% by weight of
ethanol, 4.9% by weight of isopropanol and 9.6% by

| weight of n-propanol) component ratio of lquLd phase
ranged from 9.6 to 31. 8% by weight (corresponding to
ethanol 8.5 to 27. 2% by weight, isopropanol: 0.4 to
1.6% by weight and n-propanol: 0.9 to 3.1% by weight)

and when the hydrocarbon mixture (consisting of 60.1%



51 structure, so that the running cost can be |owered. Exanple 10
<Fig. 3 shows the structure of the apparatus used in Exanple 10, a y
nodi fication of Exanple 9. Nunmeral 201 denotes an airtight cleaning tan
201. An itemto be cleaned is carried therein and undergoes vapor drying.
“ Then, it is carried out of the same. This airtight cleaning tank 201 has a
doubl e structure consisting of an exgornal jacket portion and an inner
vapor drying zone. Vapor is passed through the exter- nal jacket portion
so that the inner vapor drying zone is heated to thereby ensure the
conplete transfer of vapor heat to the itemto be cleaned. A |eak valve
218 is connected to the airtight cleaning tank 201, which restores the

Tl DT S elght Of 2-nethylpantone, 36.2% by weight of 3-
methylpentane and 3.7% by weight of n-hexane) component
ratio of liquid phase ranged from 90.4 to 68.2% by
weight (corresponding to 2-methylpentane: 54.3 te 40%
by weight, 3-methylpentane: 32.7 to 24.7% by weight and
n-hexane: 3.3 to 2.5% by weight). The above boiling
point is conspicuously lower than both of the boiling
point of the hydrocarbon mixture only, 62.0°C, and the
boiling point of the lower alcohol mixture only,
78.5°C, thereby exhibiting a conspicuous boiling point
lowering phenomenon and demonstrating the realization
of approximately azeotropic state. The realization of

- boiling point lowering enabled providing the cleaning
agent compe;ition with very excellent dryability.

A vapor-liquid equilibrium diagram (X-Y diagram)
with respect to mixtures of the hydrocarbon mixture and
the lower alcohol mixture was drawn on the basis of the
results of Table 7, in which the X-axis (axis of ab-
scissa) represented the lower alcohol mixture component
ratio of llquld phase and the Y-axis (axls of ordi-
nates) represented the lower alcohol mlxture component
ratio of vapor phase, and the azeotropic compositron
was determinee. The X-Y diagram is shown in Fig. 7.°
In the azeotropic state, the component ratio of liquid

phase and the component ratio of vapor phase are iden-



pheric pressure. This airtight cleaning tank 201 is connected
.through a vapor supply valve 203 to a vaporization tank 202. The

vapori zation tank 202 has its inside provided wth a U shaped heating pipe
and heats the solvent to thereby vaporize the same. The vapor supply val ve
. 203 controls the anount of solvent vapor supplied to the itemto be
cleaned introduced in the airtight cleéﬂ3ng tank 201. After the conpletion
of vapor supply to the itemto be cleaned, a pressure reducing valve 204

S 52 opened and evacuation is
executed by neans of a vacuum punp 205 so that the itemto be cleaned is
dri ed. A cooler 206 is interposed between the pressure reducing

val ve 204 angliddle with lsadh geRéd, gdi that otherintérseot Sormnslf | tiipiefi es the
vapor .pprior to
X-Y diagram and the function Y = X represents an azeo-

tropic composition. Therefore, an azeotropic composi-
tion was determined from the X-Y diagram of Fig. 7,
which Qas found to consist of 16.1% by weight of the
lower alcohol mixture component and 83.9% by'weight of
the hydrocarbon mixture component. Accordingly, spe-
cifically, it was found that the azeotropic composition
consisted of 50.4% by weight of 2-methylpentane, 30.4%
by weight of 3-methylpentane, 3.1% by weight of n-
hexane, 13.7% by weight of ethanol, 0.8% by weight of
isopropanol and 1.6% by Qeight of n-propanol.

100 g of a cleaning agent composition of the above
gzeoﬁfopiangﬁpositibn was prepéred-and simple distil-
lation thereof was carried out at atmospheric pressure. .-
Distillate and bottoms (liquid phase) were simultane-
ously harvested at_time'intervals,'and the composition
change thereof was measured. The component ratios were
determined by.gas chromatography with the use of cali-
bration curve. Gas chromatography was conducted with
the use of gés chromatograph GC-14B manufactured by
Shimadzu Corporatiop, column DB-1 (inner diameter: 0.53
mm and length: 30 m) ménufactured by Hewlett Packard

and detector FID under the conditions such that injec-

tion hole temperature: 210°C, detector temperature:



I ntroduction in the vacuum punp 205. Nunmeral 207 denotes a sol vent
.recovery tank connected to the vacuum punp 205 and nuneral 208 a sol vent
recovery tank con- nected to the airtight cleaning tank 201. During the
supply of vapor to the itemto be cleaned, a valve 209 is opened to

- t'hereby enabl e recovering the liquefied solvent in the solvent recovery

t ank 208. Upon the conpl etion of ®&por supply, the valve 209 is

cl osed and val ves 210 and 211 are opened to thereby recover the solvent in
t he sol vent recovery tank 208. This vaporization tank 202 is provided with
aliquid level sensor 212. Upon the detection of lower limt by neans of
the sensor, a supply punp 213 is operated and a valve 214 is opened to

h b SQl Ve f h | k .207. |
thi s Branpl 300G SRPRL coldll keRpeRaed I hatdlbimes02-5 n (e
liquid ring 3y, dQudt¥enPlratii®et 'sr%g A {i@g?@;ndhi O?eé_%g']_rl t he punp

is execut- ed by the use of enployed sol vent, si = ously
carrying oufly heased BolamdNtefpeBturle 200%eNt The results are

given in Tables 8 and 9. Table 8 shows the relation-
ship beﬁween distillate sampling timing and the analyt-
ical result of each component ratio along with total
lower alcohol and hydiocarbon component ratios (% by
weight). On the other hand, Table 9 shows the rela-
tionship between bottoms (liquid phaée) sampling timing
and the analytical result of each component ratio along
with total lower alcohol and hydrocarﬁon component
ratios (% by weight). The distillate composition
change was in the range of 0.4% by weight only until
the end of -the distillation, and the composition change
of bottoms harvested simultaneously with the distillate
was in the range of 4.7% by weight until the end of the
distillation. Thus, very excellent composition stabil-

ity was confirmed.



53 wi t hdrawal in vacuum The airtight cleaning tank 201 and

“the vaporization tank 202 are heated by a steam boiler 215, and this
heating is controlled by neans of pressure control valves 216 and
217. In this Exanple, the enployed sol vent was highly
“purified isononane whose initial boiling point, 95% distillation point 99%
distillation point were 133[err]C, ¥97[err]C and 138[err]C, '
respectively, which was sel ected from anong t he saturated
The cl eani ng and drying

hydr ocarbons |isted in the above Table 2.
process of this Exanple conprised carrying the itemto be cleaned in
tight cleaning tank 201, reduction of the internal

the air-
pressure of the airtight cleaning tamgp@ls vapor i ntroduction into
the airtight cleaning tank 201, vacuum drying, leak for restoring the
9 g ying 9
internal pressure — . _af the airtight cleaning tank 201 to atnospheric
- pres- sur e and yﬂjl1cb of | dikeillas illedistilla-
P 7 distilla-|tion 1 +€E§§ 2 tionl3 ? gggtgfla-
tion tion
ethanol 13.7 14.9 14.0 13.6 13.2
isopropanol 0.8 0.5 0.7 0.8 1.0
{n-propanol 1.5 0.5 1.0 1.4 1.8
2-methylpentane 50.4 52.4 50.6 49.5 48.1
3-methylpentane 30.4 29.4 30.9 31.6 32.4
n-hexane 3.1 2.2 2.8 3.1 3.5
lower alcohol 16. .
aiwer 8 1 15.9 15.7 15.8 16.0
hydrocarbon 83.
mzxture . 3.9 84.1 84.3 . 84,2 84.0
Iable 9
before liq. 1i 11liq.
v |distilla-|phase 1 phgse 2 phgse 3 f?g.Of
tion phase
ethanol 13.7 13.7 13.4 13.1 13.4%
isopropanol 0.8 0.9 1.0 1.3 1.7
'|n-propanol 1.6 1.7 2.3 3.5 5.7
2-methylpentane 50.4 49.5 48.1 45.9 42.3
3-methylpentane 30.4 - 31.2 31.8 32.4 32.6
n-hexane 3.1 3.0 3.4 3.8 4.3
lower alcohol | .
mwer 2 {é 1l 16.3 16.7 17.9 20.8
hydrocarb .
m{xture on . 83.9 83.7 83.3 82.1 79.2
Example 20

A hydrocarbon mixture consisting of 97.3% by

weight of 2-methylpentane and 2.7% by weight of n-

12 o -t N‘
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Bef ore starting'the operation, the vaporization tank 202 was evacuat ed

' ' - I qui i 1ibri f highly purified
--to thereby realize the vapor liquid equilibriumo

}gononaney The vacuum punp 205 was operated to thereby reduce the

entire internal pressure of the apparatus to 60 nmHg (-700dnnt@). Al ve
- Thereafter, the vapor supply val ve 2037§ and the pressure reducing v

204 were closed and the | eak val ve 218 was openedfs?hthap :Pgh{nterna

54 o] e air
ressure _
Eleaning tank 201 was restored to atnospheric pressure. The st eam

boil er 215 was operated to thereby heat the solvent put in the

i zat i ohexare €% uEed dﬁeaiﬂw@l&tz:ﬂﬁﬂim FaHU % AR rﬁ;&&iﬁ[{m err].
¥ﬁgo{h§?de of the vaporization tank 202 was heated so that the Vvapor

pressure wadiitie fefasban BememHA LodRE: MlldpholnGib®iutre consist-

ing of 100% by weight of ethanol was used as the lower
alcohol with 1 to 3 carbon atoms. The hydrocarbon
mixture and the lower alcohol mixture were mixed to-
gether in varied proportions (lower alcohol mixture
component ratio: 0, 10, 15,-20, 35 and 100% by ﬁeight
in Table 10) to thereby obtain mixture compositions in
an amount of 200 g éach. These compositions were
subjected to simple distillation at atmospheric pres-
sure, and the boiling point of initial distillate,
component ratio of vapor phase and component ratio of |

liquid phase were measured. The results are given in

Table 10.——- -
Table 10

b.p. (°C) ' 60.5 | 53.5 | 53.3 | 53.7 | 54.0 | 78.3
Lower alcohol mixt. 0.0 9.6 15.2 20.6 34.0 |100.0
jcomponent ratio (wt.Z) of

liq. phase

Lower alcohol mixt. 0.0 | 16.4 | 16.5 | 16.8 | 16.4 |100.0
component ratio (wt.Z) of

vapor phase .

Referring to Table 10, the boiling point of the
mixture composition ranged from 53.4 to 54.0°C when the

lower alcohol mixture (consisting of 100% by weight of



thereat. The liquid tenmperature was 127[err]C inside the vaporization tank
-202. This tenmperature agreed with that of the vapor of highly
purffied i sononane. Thus, the increase of the heating steam pressure

rai ses the pressure and tenpera- ture inside the vaporization tank 202 and
'contrarlly the | owering of the heatin& steam pressure |lowers the vapor
préssure and tenperature thereinside. is means that the heat supply can
be changed depending on the thermal conductivity and shape of the itemto
be cleaned. The airtight cleaning tank 201 was heated wth 1.0 kgf/cn®

I nput steam This heating suppresses vapor consunption attributed to the

dewi ng on thethantk) cengorsnt hmtioHIligyid phise damydd e to the
airtight cleaning tank 201 to thereby have the effect of inproving the

efficiency & the 3R by oveilghti £ elthe abmrer (bexiidhg po.mtﬁlms | ens

havi ng underc%cr)lns%xtcm%ucslleyanllorv]vgerwtthhana both of the boiling point of
the hydrocarbon mixture only, 60.5°C, and the boiling
point of the lower alcohol mixture only, 78.3°C, there-
by exhibiting a conspicuous boiling point lowering
phenomenon and demonstrating the realization of approx-
imately azeotropic staﬁe. A vapor-liquid equilibrium
diagram (X-Y diagram) with respect to mixtures of the
hydrocarbon mixture and the lower alcohol mixture was
drawn on the basis of the results of Table 10, in which
the X-axis (axis of abscissa) represented the lower _
alcohol mixture component ratio of liquid phase and the
Y-axis (axis of ordinates) represented the lower alco-

- hol mixture component ratio of vapor phase, and the
azeotropic composition was determined. The X-Y diagram.
is shown in Fig. 8. An azeotropic composition was

. determined from the X-Y diagram of Fig. 8, which was
found to consist of 16.6% by weight of the lower alco-
hol mixture component and 83.4% by weight of the hydro-

- carbon mixture coﬁbonent. Accordingly, specifically,
it was found that ﬁhe azeotropic composition consisted

of 81.2% by weight of 2-methylpentane, 2.2% by weight

of n-hexane and 16.6% by weight of ethanol.

Example 21



55 wat er - base cl eaning agent, rinsing with water, replace- nent with
.IPA and dipping in highly purified i sononane was carried in the airtight
cl-eaning tank 201. This |ens was one prior to coating treatnent. The
pressure reducing valve 204 was opened to thereby reduce the internal
- pressure of the airtight cleaning tank 1to 410 mmHg (-350 nmmtHg), the
pressure reducing valve 204 was cl osed ‘and the vapor supply valve 203 was
opened to thereby supply the vapor of highly purified i sononane. The

supply pressure was nmai ntained at 530 nmHg (- 230 =mrHg) because of the
equi libriumbetween the air- tight cleaning tank 201 and the vapori zation
tank 202 and i sdtthaheof @mintare quuidisting tdfe 13 /9% Py wdiggit i ng tank
201 because vapori zation was pronmoted to restore the pressure dropped in

the vaporiz2% &Ehanad HBY by spiight e dasproprneoladors¥ dyper at ure was

about 127[err].C.which was identical w.th that of the |iquid disposed in
t he vapor i zﬁ%"&*\@ nz@f”ﬁ?@%%&-%r byhwedighty @f f2-ed i sononane suppl i ed

heat to themkﬁ%@lpentane, 30.4% by wéight of 3-methylpentane and
3.1% by weight of n-hexane was put in a distillation
flask and distilled at atmospheric pressure by the use
of a rectifying column having a theoretical plate
number of 25 packed with coiléd packing of SUS 306
(Helipack manufactured by Tokyo Special Wire Netting
Co., Ltd.). Thus, a distillate of 53.0°C in boiling
point was obtained. This distillate was analyzed by
‘the same gas chromatography as in Example 19 with the
use of calibration curve and was found to consist of
16.0% by weight of ethanol, 55.4% by weight of 2-
methylpentane, 27.9% by weight of 3-methylpentane and
0.7% by weight of n-hexane. This composition had a.
boiling point lower than those of the components there-
of, attesting to the formation of an azeotropic compo-
sition.
Example 22

The same.hydfécarbon mixture and lower alcohol
mixture as in Example 19 were mixed together in varied
proportions (lower alcohol mixture component ratio: 5,
10, 15, 20,_;0 and 40% by weight in Table 11) to there-

by obtain mixture compositions in an amount of 200 g



carried in the airtight cleaning tank 201 to thereby raise the tenperature
.of- the lens. This step was executed for 60 sec. The set period of 60
sec' is not particularly |imted. Wen the itemto be cleaned is conposed
of a material of high thermal conductivity such as netals,

<56 the period can be shortened. Eurther, the anount of vapor supply
can be changed by a pressure differed® between the airtight cleaning tank
201 and the vapori- zation tank 202 at the time of vapor supply. However,
when the pressure difference is too |arge, bunping occurs to thereby cause
not only vapor but also mst to soar, which becones a factor detrinental

to precisiomneachyi On thercthsre hdrit, EEssinenglivdmy prepdmddepn t he
airtight cleaning tank 201 and the vapori zation tank
applying finger sebum to a slide glass and allowing it
to stand still at ordinary temperature and humidity for
24 hr and also by dipping slide glass pieces in an oil
| markihg ink and a solution obtained by dissolving 40%
by weight rosin oil in 1,1,1-trichloroethylene as a
solvent, respectively, and evaporating the solvent from
the dipped slide glasé pieces. Hand wiping cleaning of
the specimens was performed with the use of wiping
paper (Kimwipé produced by Jujo Kimberley) impregnated
with the above mixture compositions of varied component
ratios. Cleaning performance was evaluated and the
criterion therefor was such that:
o: dirt was completély removed by less than 10 hand
wipes,
A: dirt was removed by at least 10 hand wipes,.and
x: dirt was not removed irrespective of at least 10
hand wipes.

The results &re given in Table 11. When the lower
alcohol mixture component ratio is decreased to 10% by
weight, the removéi of any of finger sebum, marking ink.
and rosin oil tends to be difficult. When the lower
alcohol mixture component ratio is less than 10% by

weight, it occurs that marking ink and rosin oil cannot

be removed.



202 is preferred to range from 100 to 200 nmHg. During that period, the
val ve 209 was opened to thereby recov- er liquefied highly purified

i sononane. After the conpletion of vapor supply, the valve was closed.
After the passage of given tinme, the vapor supply valve 203 was cl osed and
‘the pressure reducing valve 204 was opqggd to thereby reduce the internal
pressure of the airtight cleaning tank 1 to 30 mHg (-730 mmHg), which
was nai ntained for 90 sec. Thus, the highly purlfled i sononane adhering to
the itemhad its boiling point dropped in accordance with the reduction

of the pressure of the atnobsphere so that the vaporiza- tion was pronoted.
- Thus, rapid drying was effected. After the passage of given tinme, the
pressure reducing valve 204 was cl oselahbel 1he | eak val ve 218 was opened

to thereby restare the internal pressure of the air-

S7 Lower alcohol mixture 5 10 | 15 20 30
component ratio (wt.$) *0

finger sebum A o o o o o
marking ink A- xlo -A o o o o
rosin oil x A o o o o)

The cleaning performance of each of the composi-
tions specified in Table 12 was evaluated with respect
to various dirt components. The same evaluation was
made of a mixture of diethyl ether and ethanol and
ethanol as references. With respect to specimens
having dirt components adhering thereto, rosin oil and
markinq ink specimens were prepared in the same manner
as described above. Pitch specimen was prepafed by i
dipping a slide glass in a solution obtained by dis—
solv;pg 4Q§”§X.weigh§ pitch in 1,1,1-trichloroethylene
as a solvent and evaporating the solvent from the |
dipped slide glasg. With respect to €poxy resin, use
was made of a specimen prepared by forming.an about 0.5
mm thick layer of bisphenol epoxy resin (Epikote pro-
duced by Showa Shell Sekiyu K.K.) on a slide glass
according to the metal mask printing technique. The

cleaning performance was evaluated in the same manner



tight cleaning tank 201 to atnospheric pressure.
. conpl eted. The highly purified isono-
recovery tank 207 was
val ves 209 and 210.

t he internal
so that stable vapor supply w8l carried

t he
+ However,
change,

program and the change of
shown in Figs.

201 are

4 and 5,

i nt er nal
respectively. The glass |lens

nane present

Then,

t he process was
i n the sol vent
recycled to the vaporization tank 202 by openi ng

The above process was repeated 50 tines.

liquid residue after the drying and presented no

dryi ng. I
cl eani ng tanﬁSZQ_eLg

r epeat -

tinmes.
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pressure of the vaporization tank 202 did
The stepw se val vi ng
pressure of the airtight cleaning tank
had no
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quality problemon the
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88 ons”
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fng of

whose dryingthé présent! ineenbias exhibie betél1éRe 1EARYAG Shpi-

bility for any of varied dirt components and thus have

a very broad range of applicability to dirt.

Iable 12
Compsn. 1]Compsn. 2|Compsn. 3[Mixt. of|Ethanol
diethyl
ether &
ethanol
2-methylpentane|50.4 wt.Z7({81.2 wt.Z|50.2 wt.Z
3-methylpentane|30.4 wt.Z 30.2 wt.2Z
n"hexane 301 wt-z 202 wtcz 3-1 wtoz
ethanol 13.7 wt.2(16.6 wt.Z|14.1 wt.2|20 vol.Z]/100 wt.Z
methanol 0.2 wt.Z
isopropanol 0.8 wt.2 2.2 wt.Z
n-propanol 1.6 wt.2
diethyl ether 80 vol.Z
-|pitch o o o o-A x
Dirt rosin oil o o o o o
jclea-
ning lanolin 0 0 o o -A A
cafa- -
bility |marking ink o o o o o
epoxy resin o-A o -A o-A o o
Example 23

The same hydrocarbon mixture and lower alcohol

mixture as in Example 19 were mixed together in varied

proportions (lower alcohol mixture component ratio: 10,

15, 20, 25, 30, 35, 40 and 50% by weight in Table 13)

to thereby obtain mixture compositions.

One-minute



In this Exanple, the use of highly purified isono- nane whose boiling
-point range is snmall enables stable vapor supply wthout the change of the
anount of sup- plied vapor irrespective of the passage of tinme and also

enabl es clean precision drying free of stain
* 58 residue. Further, the |liquid cgnposition does not change, so that

the frequency of |iquid replacenent c82  be reduced to thereby sinplify

t he handling and enabl e reducing running cost. Still further, the use of
a liquid ring punp as the vacuum punp 205 avoi ds m xi ng of the sol vent
into the oil as different froman oil rotation punp and mnimzes the

| eak of i nflammable vapor because of the apparatus becom ng a cl osed

system todépping saket und hExd™i®ih§ cleaning of each of var-

ious materials were performed with the use of the above

mixture compositions. Thereafter, the materials were

in;pected to find any appearance change. The evalua-

tion was made on the criterion such that:

0: no éppearance change was céused by the dippiﬁg test
éﬁa_ﬂéﬁanﬁiping; | |

A: appearance change was observed only after the
dipping test, and

X: appearance chagge was observed after not only the
dipping test but also the hand wiping.

The results are given in Table 13. Metals and
glasses encountered no problems irrespective of the
lower glcohol mixture component ratio ranging from 10
to 50% by wgight. When the lower alcohol mixfure
component ratio ranged from 10 to 40% by weight, the
thermoplastic resins also encountered no problems.
gowever,”PMHA having residual stress attributed to
molding occasionally had cracking caused by hand wiping
at a lower alcohol mixture component ratio of 35% by |
weight or higher. The PMMA had slight cracking made by
the dipping test but had no appearance change caused by
hand wiping at a lower alcohol mixture component ratio |
of 30% by weight. These showed that the lowér'alcohol

mixture component ratio is required to be less than 35%



Fig. 6 shows the structure of the apparatus used in Exanple 11, another
.modification of Exanple 9. Nuneral 301 denotes an airtight cleaning tank.
An item to.be cleaned is carried therein and undergoes vapor drying.
Then, it is carried out of the same. A leak valve 311 is connected to the
-dirtight cleaning tank 301. Nunmeral 3083 s a vaporization tank, which
vapor- izes the solvent by an electric heater for indirect solvent

heati ng. Nuneral 303 is a vapor supply valve interposed between the
airtight cleaning tank 301 and the vaporization tank 302, which controls
t he amount of sol vent vapor supplied to the itemto be cleaned intro-

duced in thg, i‘,;é-i#}m £ f?lli:ewjt be 1d¥d &hdS3g0By etion of vapor
supply to thffitel _toﬁ_Le Hggnée , a preossuere reducﬁ ng val\rlﬂé}304 i s opened
59 and wifHiat i dris o ladb1a\amdE of the/ ANeaNilgagent

composition to a wide spectrum of materials of items to

be cleaned.
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Lower alcohol mixt. component| 10 | 15
ratio (wt.X)

jiron (SPCC)
copper

brass
SUS304
optical glass BK7

opiical glass SF15

colorless plate glass
polyamide (nylon 6)
A
polycarbonate

polystyrene
ABS _
polyacetal
PMMA (with residual stress)
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Example 24

A hydrocarboﬁ.mixture consisting of 60.1% by
weight of 2-méthylpentane, 36.2% by weight of 3-
methylpentane and 3.7% by weight of n-hex?ne was- used
as the aliphatic saturated hydrocarbon with 6 carbon

atoms. A lower alcohol mixture consisting of 85.5% by



305 so that the itemto be cleaned is dried. A cooler 307 cool s and

-liquefies the vapor prior to introduction I n the vacuum punp 305. The
vapori zation tank 302 is provided with a liquid | evel sensor 310. Upon
the detection of lower |imt by nmeans of the sensor, con- trol is

ceffected so that a supply punp 308 is operated and a val ve 309 is opened.
Thus, the solvent is sup- plied froma separation tank 306 to the
vapori zation tank 302. A waterg%rm punp is used as the vacuum punp
305. In the water ring punp, the seal of the casing and inpeller disposed

in the punp. is executed by the use of water. The water ring punp
si mul taneousl y di scharges water and the solvent toward the separation tank

306. The satyrated hydrocarbon used as the solvent is inms- cible with
{gdisnog

wat er. Henc&® ehanolypdd -d% biye wedghtr @ff disapudpa3@®d samd hat t he

the 1 oner Hajd DY AbigREPY BRERAnaL WS OO Sy dower alepy) ed (o |
hggdp?gf g?oﬁr?%tsi nlgﬁl ST ‘ﬁarcgE'bonAQtoﬁlsl./ V\%eer h%r%%%rc%yb%rﬁ fmlilxtt?;trecan be

and the lower alcchol mixture were mixed together in

varied proportions (lower alcohol mixture component

ratio: 0, 10, 15, 20, 30 and 100% by weight in Table

14) to therebf obtain mixture compositions in an a;ount

of 200 g each. These compositions were subjected to

siﬁpLe distillation at atmospheric pressure, and the

boil;ng E?EEEm°f initial distillate, component ratio of

vapor phase and component ratio of liquid phase were

measured. The results are given in Table 14.

Zable 14
b.p. (°C) 62.0 | S4.5 | S4.2 | 54.4 | S54.5 78.5
Lower alcochol mixt, . ,
component ratio (wt.Z) of 0-0 9.8 | 15.0 | 20.5 | 31.6 |100.0
liq. phase
Lower alcohol mixt. .
component ratio (wt.Z) of 0.0 16.1 | 16.4 16.7 | 17.2 [100.0
vapor phase

Referring to Table 14, the boiling point of the
mixture composition ranged from 54.2 to 54.5°C when the
lower alcochol mixture (consisting of 85.5% by weight of
ethanol, 13.4% by weight of isopropanol and 1.1% by
weight.of methanol) component ratio of liquid phase

ranged from 9.8 to 31.6% by weight. The above boiling



t he séparation'into t he upper and | ower |ayers. In this Exanple, the

- hi ghl urified n-decane whose initial boiling point,
Sgggoyed solvent was TYP 60 distillation point

and 99%distillation point were 169[err]C, 172[err]C and 173[err]C,
respectively, which was sel ected frogganong the highly purified t
saturated hydrocarbons listed in t he -above Tabl e 2. . As a gg -up
for the operation of the above appara- “tus, the water ring punp 305 was
operated to thereby reduce the entire internal pressure of the

ouei ng. val R L s Sen tHONIRE GHeP Sha? R Fn e i Bldied oo tha

reduci ng val've 304 were

o at mosphers o o oo, M alihon st lled %A Y o Fhe ce to-
boiling point of the lower alcohol mixture only,
78.5°C, thereby exhibiting a conspicuous boiling point
lowering phenomenon and demonstrating the realization
of approximately azeotropic state. A vapor-liquid
equilibrium diagram (X-Y diagram) with respect to
mixtures of the hydrocarbon mixture and the lower
alcohol mixture was drawn on the basis of the results
of Tablg_if, in which the X-axis (axis of abscissa)
represented the lower alcohol mixture component ratio
of liquid phase and the Y-axis (axis of.ordinates)

‘represented the lower alcohol mixture component ratio
of vapor phase, and the azeotropic composition was
determine&. The X-Y diagram is shown in Fig. 9. In
the azebtropic state, the component ratio of liquid
phase and the component ratio of vapor phase are iden-
tical with each other, so that the intersection of the
X-Y diagram and the function Y = X represents an azeo-
tropic composition. Therefore, an ézeotropic composi-
‘tion was determined from the X-Y diagram of Fig. 9,
which wasmfound to consist of 16.4% by weight of the
lower alcohol mixture component and 83.6% by weight of

the hydrocarbon mixture component. Accordingly, spe-

cifically, it was found that the azeotropic composition



. : [ I zation tank 302. The
hereby heat the sol vent placed in the vaporiza
-}nterngl pressure of the vaporization tank 302 was so reduced_thaélthetO
inside of the tank was filled with the vapor in an ampunt correspondi ng

.t.he vapor pressure _at the heating tenperature. The tenper- ature of

" h i fi ' - ization tank 302 was about
" hi ghl urified n-decane present in the vapor i zation
gggFeyrfC\Mﬂle the internal pressur@®f the vaporization tank 302 was
held at 560 nmHg (-200 nmHg) . Pol i shed netal parts having been

' ' i fi di | were car- ried
ipped in the highly purified n-decane after dirt renova
?hpfhe airtight c?eaning tank 301. The pressure reducing valve 304 mas

opened to tkonels v v 4518y O, veight, of 2smethylneptangy) 3iras ( 350

i nternal pressure of the airti ani ng f

mHg), the pyeseightr eduG-Rethylyentdfie, 2.9% by weight of n-
hexane, 14.0% by weight of gthanol, 2.2% by weight of
isopropanol and 0.2% by weight of methanol.

100 g of a cleaning agent composition of the above
azeotropic composition was prepared and simple distil-
lation thereof was carried out at atmospheric pressuré.
Distillate and bottoms (liquid phase) were simultane-
ously harvested at time intervals, and the composition
change.thereof was measured. The component ratios were
determined by gas chromatography with the use of cali-
bration curve. Gas chromatography was conducted in the
Same manner as in Example 19. The results are givén in
Tables 15 and 16. Table 15 shows the relationship
between distillate sampling timing and the analytical
result of each component ratio along with total lower
alcohol and hydrocarbon component ratios (% by weight).
On the other hand, Table 16 shows the relationship
between bottoms (liquid phase) sampling timing and the
analyticalagesult'pf each component ratio along with
total lower alcohol and hydrocarbon component ratios (%
by weight). With respect to the lower alcohol mixture
and hydrocarbon mixture components, the distillate
composition change from before the distillation to the

end of the distillation was 0.6% by weight and the



was cl osed and the vapor supply valve 303 was opened to t her eby supply
-the vapor of highly purified n-decane into the airtight cleaning tank
301. The supply pressure was mai ntained at 540 mmHg (- 220 mmHg) ,
and the vapor was supplied into the airtight cleaning tank 301 by virtue
-of the pressure difference and the hegying of the inside of the
vapori zation tank 302. The vapor supplied heat to the polished netal
parts carried in the airtight cleaning tank 301 to thereby raise the
tenperature of the polished netal parts. This step was executed for 30
sec. S f_ gi ' OL ¢ valve 303 was
cl osed and f%éﬁ%?éggﬁgg ?ggﬁ ?n%gvéﬁg%éﬁggﬁa%ggs%%gné #gp%%%?%%%yreduce
t he internalwperSeHECdi gt | Ghd Otgs! | 30 gmee (-730
mrHg) , whi ch 32@ na%ntéiné%b§%?-%%ésgcgGT%%Q?Q?%%enﬁ?gﬁ%yéﬁﬁrg?|ed n- decane
had-its boilthg Qostillaepprd THusif COSERNELcEl 1ént heomPoyEL DHRSSUr e
reduction so that the vaporization was pronoted. The heat provided by the
vapor suppl ysbabilityi was ¢omfitmedapori zation heat required to execute '

t he dryi ng.

Table 15
Feedstock{Initial |Middle |Final End of
liq. stage of [stage of|stage of|disti-
disti- |disti- |disti- |[llatiom
llation |llation {llation
ethanol 14.0 14.6 14.4 14.2 14.0
isopropanol __. 2.2 1.4 1.8 2.2 . 3.0
methanol 0.2 .3 0.2 0.1 0
2-methylpentane © 49,5 51.4 50.2 49.0 46.7
3-methylpentane 31.2 29.9 30.7 31.5 32.7
n-hexane 2.9 2.4 2.7 3.0 3.6
lower alcohol 16.4 16.3 16.4 16.5 17.0
mixt. total
gigrocarbon 83.6 83.7 83.6 83.5 83.0
] t. total
ZIable 16
Feedstock|Initial |Middle |Final [End of
liq. stage of|stage of|stage offdisti-
- {disti- |disti- |[disti- |llation
llation [llation {llation
ethanol 14.0 14.0 14.1 | 13.9 14.7
isopropanol - 2.2 2.3 .6 3.1 .5
methanol 0.2 0.1 .1 0.1 0.0
2-methylpentane .-49.5 49.1 48.2 46.9 41.7
3-methylpentane 31.2 31.5 31.8 32.5 33.6
n-hexane 2.9 3.0 3.2 3.6 4.5
lower alcohol 16.4 16.4 16.8 17.1 20.2
mixt. total
gzdrocarbon 83.6 83.6 83.2 82.9 79.8
xt. total




After the passage of given tine, the pressure reducing valve 304 was

-cl osed and the | eak valve 311 62

was opened to thereby restore the internal pressure of the airtight

cl eaning tank 301 to atnospheric. pressure. Then, the process was

*conpl eted. The above process was repeatg 20 tinmes. However, the internal
pressure of the vaporization tank 302 d not change, so that stable
vapor supply was carried out. The polished netal parts had no |iquid
residue after the drying. Visual inspection thereof showed that there was
no staining. In this Exanple, the use of highly purified n- decane
whose boiling point range is snall enables stable vapor supply w thout the
change of tExamples 25 tos33plied vapor irrespective of the passage of tine

and 400 g of a mixture of component ratios specified
as "liquid before distillation" in each of Tables 17 to
25 was put in a distillation flask and distilled at
atmospheric pressure by the use of a rectifying column
having a theoretical plate number of 25 packed with
coiled packing of SUS 306 (Helipack manufactured by
Tokyo Special Wire Netting Co., Ltd.). Thus, distil-
laﬁes'of daﬁgaﬁent ratios specified in Tables 17 to 25
were obtained at time intervals. The Tables show the
relationship between distillate sampling timings and
the respective boiling point measurements and analyti-
cal results of component ratios along with total lower
alcohol and hydrocarbon component ratios (% by weighti.
The component ratios ﬁere analyzed by the same gas
chromatography as in Example 19 with the use of cali-
bration curve. The component ratio change was slight
and, especially, the changes of lower alcohol and
hydrocarbon component ratios were extremely slight,
attesting to ‘the formation of aieotropic or azeotrope-

like composiﬁions.



al so enabl es clean precision drying free of stain residue. Further, the
=apparatus is a closed system so that the | eak of inflanmble vapor is

mnimzed to thereby ensure safety. Still further, the use of a water
ring punp has the effect of being capable of discharging static
“electricity accunulated in the solvent iy neans of water. Each of
the following Exanples 12 to 18 is an g anpl e of the precision cleaning

nmet hod of the present invention conprising the steps of dipping an optical
el enent to be cleaned in an organic solvent and/or a

63 wat er - base cl eaning agent to thereby renove dirt, di pping the
optical elenent in water to thereby rinse of f the organic solvent and/or
wat er - base cl ﬁ:\ni [a¥al :\gnnf adheri ng to the np'r ical el enent , di pp| ng the
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repl ace the water adhering to the optical el enent therewi th, dipping the
optical elenent in the above cl eani ng agent of saturated hydrocarbon
according to the present invention to thereby replace the hydrophil- iC
_sol vent -adhering to the optical elenment therewith and drying the optical
el enent to thereby renove the cl eani ng agent of saturated hydrocarbon
fromthe opti- cal element for finishing. 90Exanpl e 12 A
concavoconvex glass lens of 16 mmin dianmeter conposed of glass naterial
BK7 which had a convex radius of curvature of 46.9 mm and a concave radi us
of curvature of 9.6 mMmmwas used as an itemto be cleaned. Pitch dissolved
in trichlene and abrasive used in customary |ens polishing were caused to

adhere to this glass_lens. 100 such dirty glass |l enses were set on a
t hree-points supp¢rd§ng [id g fdre | erjses as ghownfin Fig. 10 and each jig
was caused to flowéﬁﬁﬂgggs a dlanijng 1ipg of Z tanks specified in Table
3. Al the tanks |@¥831Rved 4t®a fi®ch of®1 nip® .
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64 Tank nos. 1 and 2 were charged wi th organic sol - vent EE-4110
“(cl eani ng agent based on terpenic hydro- carbon, produced by OLynpus
Optical Co., Ltd.), which ~was heated at 40[err]C and provided wth

ul trasonic of 27 KHz / 600 Wand oscillation of 100 nmw dth once/ sec.
"Tank nos. 3 and 4 were charged with water-base cl eaning agent EE-1110
(neutral cleaning agent produced by OLynmpugt1Optical Co., Ltd.), which
was heated at about 35[err]C and provided with ultrasonic of 27 KHz /

600 W and oscillation of 100 mm w dth once/sec. Tank nos. 5 to 7 wer e
charged with pure water of about 1 Merr] in conduc- tivity, which was
provided with ultrasonic of 27 KHz / 600 Wand oscillation of 100 mm
wi dt h once/sec. Tank nos. 8 to 10 were charged with hydrophilic sol vent
| PA,  which was prjqy gdgpl,xxlith trasonic pt 77 KFz 7900 W and oscillation
of 100 mm wi dth or@-ﬁ con w Tank no. |}l was -charged with highly
purified 2@ © @ ® 4
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| sononane having 9 carbon atons whose 95% distillation point falls at
J4[err]C fromits initial boiling point and whose 99%distallation point
falls at 5[err]C fromits initial boiling point in distillation at 760
nmMHg as specified in Table 2, which was provided with oscillation of 100
*mmwi dth once/sec only. Tank no. 12 was chamggg with the sane highly
purified i sononane as in tank no. 11, which not provided with
ultrasonic nor oscillation. The 65
lifting of the itemtherefromwas conducted at a veloc- ity as low as 5
mm sec. In the final drying step, 80[err]C air cleaned through a filter
was blown to the itemfor 3 mnin a drying oven to thereby renove any

adhering isononane and conduct dry finishing. Dried glass | enses
were allowed to fu I ¥ COQT —and,; 20T Fgter,—tjre—post - cl eani ng eval uati on
was conduct- ed. vg;h? é:ost cI:eanl iy evalfati op® the|gl ass | enses
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were put under a fluorescent lanp to nake reflection and visually
“i nspected. Those free of stain were judged as good itens and those with
stain judged as defective itens. After the conpletion of the eval ua-

_tion, all the glass |lenses were coated with optical thin filnms and the
post-coating eval uati on was conduct- ed. Inugge post-coating eval uati on,
the coated glass |enses were put under a fl escent |anp to nmake re-
flection and visually inspected. The evaluation was made on the unevenness

or uniformty of the optical thin filns. As a result, both the
post-cl eaning and post- coating evaluations showed that all the eval uated
100 glass lenses were good itens and the defect ratio was 0/100. The
results are g| ven :::cTab e—d-. hnrnfnrp) in_this Exam |e, dirt adhering to
the pretision optifag ;-elementfean be remed to d?rodu,e hi gh-quality itens
233818 |2 |8 (3 |a
SOES @ © b «
]
Tl A N e !
o L]
8340 S - 2
- g
-]
s ot =] o =) o
'g e o o o o
=2a
1
vt
o
§§ « N < - «
&3 4 O o~ *
g8 [F (2 |8 |& |a
™ Q,
i
4 .
I R T R L
™~ [
gg 0 - - lg ;-r,
1@
~N R
)
I - L D O C O
C e &
& -t
Q
s t\f o. o < n
Y- 20 L R N P
D W
i Q
)
= .
s v e fe |a |4
S o ~ ) o o
g
P
g |-: o n 0 "2}
o3 - < u': o .
g |5 |5 |2 |4 |4
o
1)
Qo 72 v o
5~ ¢ ~ ~ 3 y
. oA @
:a. n 0n n
QU -
8.0
Y44 L) Yy
=]
0181w 15°:8|0°, 6| °,§
Horfosd-foonford @ | orl @erdord |l Qordont | rd @ erford
QUM | WD | B W T 004 & o 004 &3
Aond | Bad | Eoe8 |Sgnd | gaaa
QT red | ST | 1 DDy }:g:g: E‘Js'-é".-."




The sane procedure as in

W t hout stain. Exanples 13 to 18

*Exanpl e 12 was repeated except that tank nos. 11 and 12 of the cleaning

l'ine were charged with five varieties of highly purified sat ur at ed

hydr ocar bons having 8 to 12 carbon atons whose distillation tenperature

“range fromthe initial boiling point is limted as specified in Table 2.
respect to both the

Eval uation results are given in Table 4. Wt84
post - cl eani ng and post-coating eval uations, all the defect ratios were
0/ 100 in Exam ples 13 to 15 and 18 as in Exanple 12, thereby ensuring
apparent superiority to the follow ng conparative exanple results. In
Exanpl e 16, the defect ratio was 1/100 with respect to the post-coating
gh being 0/100 with respect to the post-cleaning

eval uation alth
eval uation. Howevdrd §t.pese sho signifrcanpt supgriorT- ty to the
fol I owi ng conpar atjigrgi@xaqpl e fesultts. In < Exa%ﬁie 14, the defect ratio
was 1/100 with req@3BSt|® tHeo poslt=cl eahdng eyd uatijon and 3/ 100 with
respect to t he. posd - cdat I Ny fevatgat+ot—rHeweve——al40, these show
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significant superiority to the follow ng conparative exanple results.
*Therefore, in these Exanples, ditt adhering to the precision optical

el enent can be re- noved to produce high-quality itens w thout stain.
The sane procedure as in Exanple 12 was

|67 Conpar ative Exanple 5
repeat ed except that tank nos. 11 and 1 f the cleaning line were

charged with i sononane having 9 carbon atons whose 95% di stillation point

19[err]C fromthe initial

and 99% distillation point were 8[err]C and
distillation as indicated in Table 5.

boi ling point, respectively, in
Thi s i sononane had | arge distillation tenperature range and thus its
tion results are given in Table 4. The defect ratio

purity was | ow. Evaglua
was as high as 13/ 1QD§with,resppct Jto 1 post=fcteattng eval uati on and as
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W th respect to the post-coating eval uation. Although the drying velocity

-was high without any di sadvant age, the distillation tenperature range
boiling point was |arge to show a | arge content of

fromthe initial
hi gh-boi | i ng- poi nt conponents. Thus, a nultiplicity of | enses suffered
=from st ain. Conpar ati ve Exanple 6 The sane procedure as in Exanple

12 was repeated except that tank nos. 11 and 12 o®&he cleaning line were
charged with i sododecane having 12 carbon atons whose 95% distillation
point and 99% distillation point were 7[err]C and 12[err]C fromthe
initial boiling point, respectively, in distillation as indicated in Table
results are given' in Table 4. The defect ratio was as

5. Eval uation
68 hi gh as 42/ 100 M{ih eppeet—to—the-—post-cleani ng eval u- ation
and as high as 56/100 wiftRSespect tpathelpost- |«
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coating eval uation. Although the drying velocity was hi gh Wi t NOUY - Ao

el

-di sadvantage, the distillation tenper- ature range fromthe initial
boiling point was large to show a | arge content of high-boiling-point
conponents. Thus, a nultiplicity of |lenses suffered from stain.
“Conparative Exanple 7 The sane procedure as in Exanple 12 was

repeated except that tank nos. 11 and 12 of the cleaning line wer e
charged with n-tridecane having 13 carbon atons whose 95%di stillation
point 99% distillation point were 38[err]C andlg$6ﬂr]c:fron1the initia

boi l i ng point, respectively, in distillation as i ndicated in Table 5.
Eval uation results are given in Table 4. The defect ratio was as hi gh
as 65/100 with respect to the post-cleaning eval u- ation and as high as
82/ 100 with respect to the post- coating evaluation. The drying velocity
was relatively |l ow, and the distillation tenperature range fromthe
initial boiling point was |large to show a | arge content of
hi gh_b0|||ng_po| nt co 3!\?:"::325\_ Tth, a mllfilLir‘if\Jl of lenses uff er ed
from stain. 5%&5 © ° - © o @ ©
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69 ' Tabl e 3 Tank No. 1-2 No. 3-4

No. 5-7 No.8-10 No. 11 No. 12 Type org. . _ _Water-base wate er
hydro- highly purified sol vent cl eanmm"""""l"um,ul"phlI ic
satd. hydrocarbon agent t Liq.
name EE-4110 EE-1110 pure | PA  iso- |so-
wat er nonane nonane Condition 40C 35C 0oC .
20[err] C- 15C 15[err]C 1 mn A-mn 1 mnbs_cI 1 mn.
1 mn 1 mn. : osci - 0S _ OSCI 0ScCi
lifted | l'ated, |1l ated, C??at ed, etHaFBQeeBeplmd | ow
ultra- ultra- ultra- ultra- veI soni c
soni c soni c soni c appl i ed appl P ua Ionaggghe?
v

Tabl e 4
Lig. used |n tan sr1la19fd:ﬁf post - cl eani ng post-coating

eval |
0 100 0" SR oo PHecision BNy dutiod SoudeiiE eedse) () 100
0/ 100 inty diizgh| ot rainf IJ.Q@@HW'H‘é/CdIéaned with thd ik S,f a 0/100

Exam 14 hemane (C-8) ple . 15 highly purified n-nonane (C9 01100

0/ 100 cleandinghlagemtr iconsd sttither msserRidl)ly of A m3t one 1/100

17 highly purified i sododecane 1/ 100 /100 18

hi ghl y purﬁﬁﬁ&ﬁﬁqgiuﬂﬁiﬁgceebQP having oo 12 carbdﬂ:ﬁﬂbms who$e i sononane
. 25/ 100

(C9) 95% running poxnt faggs within 5°C of its initial

boiling point and whose 99% running point falls within
10°C of its initial boiling point in distillation at
760 mmHg.

2. The precision cleaning method according to
claim 1, which further comprises treating the cleaning
agent used in dirt removal with water so that impuri-

ties mixed into the cleaning agent are separated off.

3. The preczsion cleaning method according to
claim 1, wherein the saturated hydrocarbon is an iso-

paraffin.

4. .The precision cleaning method according to

claim 1, wherein the saturated hydrocarbon is princi-

pally composed of isononane having 9 carbon atoms.

5. A precision cleaning method comprising vapor-

izing a cleaning agent consisting essentially of at

THIS SHEET HAS by...- |
REPLACED




56/ 100
Comp.\ Ex.. 6 i sododecane (C12) 65/100 gg;igg
7 n-tridecane—{c=13)

—Z)'Ost' |l ation ch‘ghiﬁi‘eﬁflasseixfifﬁiceg. ng%Ufﬁgn: zgt M

Sl 1%+ 19s 13
[ - i S@onane (C=9) 18
"220|nt poi n! : | sododecane (C—lZé 2%89 56196 1Egaﬁp$g119
- -1 212 - 250 212 -
o trldecane (Cre3%on5|st|ng of 60. 1% by wei ght of 2-net hyl pent ane,

Q%dggfg;baglg%?s f 93¢ Sapprayegehydnecanbon. Ravhygvei et 19f cRrBEyane was

A
drocarbon with 6 carbon at ons.
d as th P urated hy
Fgaer al coho ﬁ*ﬁt%ﬁ%é%oigﬁsf?ﬂﬁlﬁg BOimY, H3lls within 5°C of its

initial boiling point and whose 99% running point fallg

within 10°C of its initial boiling point in distilla-
tion at 760 mmHg and applying the vapor to an item to
be cleaned so that the item to be cleaned is freed of

dirt and/or dried.

6. The precision cleaning method according to
cla;q#§{mgggpein the item to be cleaned is carried in a
cleaning treatment chamber, the cleaning treatment
chamber has its internal pressure reduced to thereby
introduce thereln the vapor of the cleaning agent so
that the item to be cleaned is freed of dirt and/or
dried and the pressure of the cleaning treatment cham-

ber is restored to atmospheric pressure.

7. A precision cleaning method comprising remov-
ing dirt from an item to be cleaned with the use of a
cleaning agent, replac;ng part of the cleaning agent
adhering to the item with a hydrophlllc solvent or a
water Lnsoluble solvent and drying the item, wherein,
after the replacement and before the drying, the item
is further treated with a cleaging agent consisting

essentialLy of at least one saturated hydrocarbon

HEET T HAS BEEN
REPLACED
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wei ght of ethanol, 4.9% by wei ght of isopropanol and 9. 6% by wei ght of

- pr opanol mas—used‘g§§iggrLg!f; al cohol with 1 to 3 carbon atons. The
hydr ocar bon I Xture an wer al cohol m xture were nixed to- get her
' ' 0, 10, 15,

in varied prop Sh(B alcohol m xt ure .

"20, 30 and 100W “ITable 7) to ther
conposi tions |n 200 g each. Thes " % wre subj ect -
I tnosphernoopressurb can | i ng point

ed to sinple distil
tillate conposition conponent ratio

of initial distillate, initial dis-
(hereinafter re- ferred to as "conponent ratio of vapor phase") and

71 conponent ratio of mxture conposition present in the
v o L
distillati on®ving & tchd 2 icarbein FEmy WS NPl R?nniﬂé”t'f‘l distillate

conposition %hirelnafter r%ferred to
1s within 5°C of its initial boiling point and whose

99% running point falls within 10°C of its initial

boiling point in distillation at 760 mmHg.

8. The precision cleaning method according to

claim 7, wherein the Saturated hydrocarbon is an iso-

paraffin.

) 9. The preczsron cleaning method according to
claim 7, wherexn the saturated hydrocarbon is pr;nc;-

pally composed of isononane having 9 carbon atoms

10. The pPrecision cleaning method according to
claim 7,'wherein, after the replacement and before the
drying, the item is dipped in said cleaning agent
consisting essentially of at least one saturated hyero-
carbon and lifted at a rate of not greater than 70 mm/s

from the cleaning agent to thereby depart from its

liquid level.

- e

l1. A precision cleaning method comprising the
st e s .
eps of dipping an optical element to be cleaned in an
organic solvent and/or a water-base cleaning agent to

t
hereby remove dirt, dipping the optical element in

[inﬂSSHEETHASBEEN
REPLACED




as "conponent ratio of |iquid phase") were neasured. The results are

I St itionis a
ble 7. The above initial distillate conposi .
-g:gfpligtlaconp05|tlon harvest ed when the boiling point rlse_has been
st abi - lized after the start of outflog;og dg;tgllggeb 65 1 553 785
-Il_-g\?vle(ra z7a| coﬁaf"m-([xte.”]c) 0.0 9.6 15101 20.8 31.8 100.0 conponent rzligi(;
(wt.% of |[|ig. phase Lower alcohol m xt. 0.0 15.: 16.1 téGfabIe 3
100:0 conponent ratio (w.% of vapor phase Ref erring ,

i ] ture conposition ranged fron155.0.to _
tSEESFgIrH ?:gvﬁ%\ gf %ggﬁg?ér%um tthe ¢rgasistsolvert %;]??@fy wei ght
' | and 9.6%by weig o]
of et hanol, 0 t Of i sopropano Lol st
n- pr opanol ) ‘Egtrr%%nlgg Qf“d'fgl ‘-{%} afheEing ok cthd raptical t o o by

0 i ght, isopropanol: 0.4
IS (5 S L o it o b e
hydrocarbonsﬁDﬁéﬁﬁfﬁdxﬁﬁﬁr%hanéﬁiégé:kﬁe water adhering to the

optical element therewith, dipping the optical element

in a water insoluble solvent to thereby replace the

hydrophilic solvent adhering to the optical element

therewith and drying the optical element to thereby

remove the water insoluble solvent from the optical

element for finishing, wherein the water insoluble

solvent consists essentially of at least one saturated

hydrocarbon having 8 to 12 carbon atoms whose 95%

running point falls within 5°C of its initial boiling

point and whose 99% running point falls within 10°C of

-~ its initial boiling point in distillation at 760 mmHg.

12. The precision cleaning method according to
claim 11, wherein the saturated hydroéarbon is an

isoparaffin.

13, The precision cleaning method according to
claim 11, wherein the saturated hydrocarbon is composed

of isononane having 9 carbon atoms.

14. The precision cleaning method according to

THIS SHEET HAS ﬁEEN
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72 by MEIght of 2-nmethyl pentane, 36.2% by wei ght of 3- met hyl pent ane
_and 3. 7% by wei ght of n-hexane) conponent ratio of |iquid phase ranged
fron190 4 to 68.2% by wei ght (corresponding to 2-nethyl pentane: 54.3 to
40% by weight, 3-nethylpentane: 32.7 to 24. 7% by wei ght and n- hexane:
3 3to 2.5%by weight). The above boili poi nt is conspicuously | ower
than both of the boiling poi nt of the drocarbon m xture only, 62.0C,
and the boiling point of the |ower alcohol mxture only, 78.5[err] C,
t hereby exhibiting a conspicuous boi | i ng poi nt | oweri ng phenonenon and

denonstrati ng 4 e roximately azeotropic state. The
real i zation of b]'(r)l:3 *}é&éﬁmttq%vﬁ'ﬁ%@ ‘éﬂfl%rﬁﬂ/l‘tﬁnfg isetregeni ng
agent conposd iwiR-HWMydtase ent a t A vapor-1|iquid
equi |l i brium di agram (X-Y c?yfaﬁgr&g 4En Und til1"1’-'3/1““11‘: solvent
replacement so that the hydrophilic solvent is Separat-
ed off from the water insoluble solvent to thereby

regenerate the water insoluble solvent.

15. A cleaning agent composition for hand wiéing
comprising 66 to 90% by weight of at least one aliphat-
ic hydrocarbon with § carbon atoms containing at least
44% by weight of 2-methy1pentane and 10 to 34% by
weight of at least one lower alcohol with 1 to 3 carbon
atoms containing at least 85% by weight of ethyl alco-

hol to thereby exhibit azeotropic or azeotrope-like

characteristics.

16. The cleaning agent composition for hand
wiping according to claim 15, whose total content of
n-hexane, methanol, isopropanol and n-propanol is less
than 10% by weight based on all of the composition.

17. The cleéhing agent composition for hand

wiping according to claim 15 or 16, whose water content

is less than 2000 ppm by weight.

| 18. The cleaning agent composition for hand
This Sheet Hasp
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Wi th respect to m xtures of the hydrocarbon m xture and the | ower al cohol
Jn xture was drawn on the basis of the results of Table 7, in which the
«X-axis (axis Issa) represented the | ower al cohol mxture

conponent rati.Q.of liquid phase and the Y-axis (axis of ordi- nates)
represented the 1 Fﬁif@@mmamixture conmponent _ratio—ef—vapar phase, and

the azeotropic c 1ls det er m ned. The”ﬂl"mn : own in
Fig. 7. 1In the te, the ?:Qﬁponent bl mmm‘m,i phase and
t he conmponent ratio of vapor phase are iden- Lo s TN

73 tical with each other, so that the intersection of the X-Y diagram
and ‘the function Y = X represents an azeo- tropic conposition. Therefore,

o Sh e e AR RSCori Y, VBeadg! ELIRTaR' 08 LRCAT Db tbiaonae 1 i
conponent  ando8319&méin¥Cb8Ntoftbonents having a boiling point of

120°C or higher at 760 mmHg is less than 1% by weight

and the total amount of components havihg a boiling

point of 170°C or higher at 760 mmHg is less than 1000

ppm by weight.

19. A precision cleaning method comprising im-
pregnating fibrous matter with a cleaning agent compo-
sition for hand wiping comprising 66 to 90% by weight
of at least one aliphatic-hydrécarbon with 6 carbon
atoms containing ‘at least 44% by weight of 2-methylpen-
tane and 10 to 34% by weight of at least one lower
alcohol with 1 to 3 carbon atoms containing at least
85% by weight of ethyl alcohol so as to exhibit azeo.
tropic or azeotrope-liké,characteristics and wiping a
surface of an item to be cleaned with the impregnated

fibrous matter by hand.

THIS SHEET HAS BEEN !
REPLACED |




t he hydrocarbon m xture conponent. Accordingly, spe- cifically, it was
found that the azeotropic conposition consisted of 50.4% by wei ght of

2- net iyl pént ane, 30.4% by wei ght of 3-nethyl pentane, 3.1% by wei ght of n-
hexane, 13.7% by wei ght of ethanol, 0.8% by weight of isopropanol and 1.6%
by wei ght of n-propanol. 100 g of a cleaning agent conposition of the
above azeotropic conposition was prepared and sinple distil- lation

t hereof was carried out at atnospheric pressure. Distillate and bottons
(l'iquid phase) were sinmultane- ously harvested at tine intervals, and the

conposition change thereof was neasured. The conponent ratios were
bration curve. Gas

determ ned by gas chronmat ography wth the use of cali-
chr omat ogr aphy was conducteu;s' ; OF USE oSt @ mat ogr aph GC- 14B
ner dianeter: 0.53

manuf act ured by éﬁ;ﬁg&ﬁg oration, urm DB-
nm and | engt h: 30 f eeoasyoslsmrsm MG PRECISION CBEANTSG FI D
tion hole tenperature: 210[err]C,

under the conditigpggggch that injec-
det ector tenperature:

Optical elements and other items are cleaned with
the use of a Cleaning agent consisting éssentially of
at least one saturated hydrocarbon having 8 to 12
carbon atoms whose 5% runn;ng point falls within 5°c

N of its initial boiling point and whose 99% running
poznt falls wlth;n 10°C of its initial boiling point in
distillation at 760 mmEg or with the use of a cleaning
agent composition for hand wiping comprising 66 to 90%
by weight of at least ope aliphatic hydrocarbon with §
carbon atoms containing.at least 44% by weight of 2-
methylpentane and 10 to 34% by weight of at least one
lower alcohol with 1 to 3 carbon. atoms containing at
least 85% by weight of ethyl alcohol to thereby exhibit
azeotropic or azeotrope-like characteristics. The
above cleaning is advantageous from the viewpoint of
nonhazardousness Lo human,. smell, dirt removal, quality

fin
ishing, runnxng Cost and environmental protection.



74 230[err]C, initial colum tenperature: 40[err]C (hold tine: 2.5
mn),” colum tenperature rise rate: 10C/ mn and final- |y reached col um
‘tenperature: 200[err]C. The results are given in Tables 8 and 9. Table 8
shows the relation- ship between distillate sanpling timng and the
analyt- ical result of each conponent MfM#8io along with total | ower

al cohol and hydrocarbon conponent ratios (% by weight). On the other hand,
Table 9 shows the rela- tionship between bottons (liquid phase) sanpling
timng and the analytical result of each conponent ratio along wth total
| ower al cohol and hydrocarbon conponent ratios (% by weight). The
distillate conposition change was in the range of 0.4% by wei ght only
until the end of .the distillation, and the conposition change of bottons
harvested sinultaneously with the distillate was in the range of 4.7% by
wei ght until the end of the distillaﬂloqm'Thus, very excell ent conposition
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Ity was confirned 75

Tabl e 8 before distilla- distilla- distilla- end of
distilla- tion 1 tion 2 tion 3 distilla- tion
tion et hanol 13.7 14. 9 14.0 13.6 13.2
i sopr opanol 0.8 0.5 /8 0.8 1.0 n- pr opanol
1.6 0.5 1.0 1.4 1.8  2-nethyl pentane 50.4
52. 4 50.6 49.5 48. 1 3- nethylpentane 30.4 29. 4
30.9 31.6 32.4 n- he 2.2 2.8
3.1 3.5 | ower al cohol - jép;;(;} ézg 15.7 15.8
16.0 m xture hydrocarbon 4.1 84. 3 84. 2
84.0 m xt ure ' Table 9
bef ore liq. liq. Iy g end of dijstillation
distilla- phase 1 phase 2 %hﬁse 3 liq. tion et hano
13.7 13.7 13. 4 13.1 13. 4 i oprTB noI 0.8
0.9 1.0 1.3 127 n-propanol 1.7
2.3 3.5 . 5.7
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2-met hyl pentane  50. 4 49.5 48. 1 45. 9 42. 3

3- et hyl pent ane 30.4 31.-2 31.8 32.4 32.6
n- hexane 3.1 3.0 3.4 3.8 4.3 | ower
al cohol 16.1 16. 3 m xture hydr ocar bon 83.9 83. 73.
8.1 79.2 m xture Exanple 20 3/8 A hydrocarbon m xture
consisting of 97.3% by weight of 2-nethyl pentane and 2. 7% by wei ght of n-
76 hexane was used as the aliphatic saturated hydrocarbon with 6
carbon atonms. A | ower alcohol m xture consist- ing of 100% by wei ght of
et hanol was used as the lower -alcohol wth 1 to 3 carbon atons. The
hydr ocar bon m xture and the | ower. al cohol mixture were mnixed to- get her
in varied proportions (I —al-cohol i p-e—rconperent—atiom—m 0, 10, 15,
20, 35 and 100% by wei gh i nf Tabl et 10) {o t hgr eby1obt aiin ﬁixtﬁre
conpositions in o oo X E |
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an anmount of 200 g each. These conpositions were subj ected to sinple

distillation at atnospheric pres- sure, and the boiling point of initial
distillate, conponent ratio of vapor phase and conponent ratio of

i quid phase were neasured. The results are given in Table 10.

Tabl e 10 b.p. ([err]C 60.5 4.5 53.3 53.7 54.0 78.3 Lower
al cohol m xt. 0.0 9.6 15.2 20.6 34.0 100.0 conponent ratio (w.2)
of 1liq. phase Lower alcohol m xt. 0.0 16.4 16.5 16.8 16.4 100.0
conponent ratio (w;Z) of vapor phase : Referring-to Table 10, the

boiling point of the mxture conposition ranged from53.4 to 54.0[err]C
when the |ower alcohol mxture (consisting of 100% by wei ght of
77 '
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et hanol ) conbonent ratio of liquid phase ranged from 9.6 to 34.0% by
wei ght. The above boiling point is . conspicuously |ower than both of the
boi li ng point of t he hydrocarbon m xture only, 60.5[err]C, and the

boi li ng poi nt of the | ower alcohol mxture only, 78.3[err]C, there- by
exhibiting a conspi cuous boiling point 158ering phenomenon and
denonstrating the realization of approx- imately azeotropic state. A

vapor-liquid equilibrium diagram (X-Y diagramj with respect to m xtures
of the hydrocarbon m xture and the | ower al cohol m xture was drawn on
the basis of the results of Table 10, in which the X-axis (axis of

absci ssa) represented the | ower al cohol m xture conponent ratio of liquid
phase and the Y-axis (axis of ordinates) represented the | ower alco-

hol m xture conponent ratio of vapor phase, and the azeotropic
conposition was determ ned. The X-Y diagram is shown in Fig. 8. An
azeotropi c conposition was det er Fiﬁmﬁe X-Y di agram of Fig. 8,
whi ch was found to consist of 16%% [ of the | ower al co- hol
m Xt ure conponent and 83.4% by wei ght of the hydro- carbon m xture
conmponent. Accordingly, specifically, '

/301
7 31
303
310

302




it was found that the azeotropic conposition consisted of 81.2% by wei ght
of 2-net hyl pentane, 2.2% by wei ght of n-hexane and 16. 6% by wei ght of

et hanol . Exanple 21 78 400 ¢
of a m xture consisting of 13. 9% by wei ght of ethanol, 0.8% by wei ght of

| sopropanol, 1.6% by weight of n-prop®f8l, 50.3% by wei ght of 2-

met hyl pent ane, 30. 4% by wei ght of 3-nethyl pentane and 3. 1% by wei ght of-
n- hexane was put in a distillation flask and distilled at atnospheric
pressure by the use of a rectifying colum having a theoretical plate
nunber of 25 packed with coiled packing f 06~y (Hel i pack manuf act ured
by Tokyo Special Wre Netting Co., Ltd.F Il:ﬁ}3 istillate of 53.0[err]C
in boiling point was obtained. This distillate was anal yzed by the sane
gas chronatography as in Exanple 19 with the

§ 100

g 2 90t

E.é 80 |

8& 70"' L -’

& 8 60F '

8§ sof

=% 40}

2o 30}

%d 20}

g & 10}

59 0 , -
S8 0 20 40 60 80 100

Lower alcohol mixt. comporent
ratio (wt.%) of liq. phase

FIG.8

g 100
go 90}
g3 80
8; 70
eJQ.‘ 60
£S5 s
53 w0
8¥ 3p
=& 20
59 10
S B ou . — - — ;
0 20 40 60 80 100

Lower alcohol mixt. comporent
‘ratio (wt.%) of liq. phase



use of calibration curve and was found to consist of 16.0% by wei ght of

et hanol , 55.4% by wei ght of 2- nmethyl pentane, 27.9% by wei ght of

3- et hyl pentane and 0.7% by wei ght of n-hexane. This conposition had a.
boiling point |ower than those of the components there- of, attesting to
the formation of an azeotropic conpo- si#8on. Exanple 22 The sane
hydrocarbon mi xture and | ower al cohol mixture as in Exanple 19 were m xed
together in varied proportions (lower alcohol mxture conponent ratio: 5,
10, 15, 20, 30 and 40% by weight in Table 11) to there- by obtain mxture
conpositions in an amount of 200 g 79
each. On the other hand, specinens were prepared by applying finger sebum
to a slide glass and allowing it to stand still at ordinary tenperature

and humdity for

FIG.9

Lower alcohol mixt. component
ratio (wt.%) of vapor phase
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24 hr and al so by dipping slide glass pieces in an oil marking ink and a
sol ut’i on obtai ned by dissolving 40% by weight rosin oil in
|,1,1-trichloroethylene as a solvent, respectively, and evaporating the
solvent from the dipped slide glass pieces. Hand w ping cleaning of the
speci mens was perforned with the use of &8Bping paper (Ki nwi pe produced by
Jujo Kinberley) inpregnated wth the above m xture conpositions of varied
conponent ratios. O eaning perfornmance was eval uated and the criterion
therefor was such that: o: dirt was conpletely renoved by | ess than 10
hand w pes, A dirt was renoved by at |east 10 hand w pes, and x:

dirt was not renoved irrespective of at |east 10 hand w pes. The
results are given in Table 11. Wen the | ower alcohol m xture conponent
ratio is decreased to 10% by weight, the renoval of any ef finger sebum
marking ink and rosin oil tends.-to be difficult. Wen the' |l ower al cohol

m xture conponent ratio is |less than 10% by weight, it ogturs that marking
ink and rosin oil cannot " be renoved. )

Three-points supporting

FIG.10




80 . -¢

10~ 15 -
_ mar ki ng i nk [err]
The cl eani ng performance of each of the conposi- tions sp ¥E..tu.

[err]

12 was evaluated with respect

eval uati on was
as references. Wth respect to specinens

rosin oil.
as described above. Pitch specinen was prepared by

t her et o,
manner

Table 11 Lower al cohol m xture 5

ratio (w.% fi nger_sebum

20 30 40  conponent
NI rosin oil : E_gLACEMnM

to various dirt co
made of a m xture of dieghyl et he?&% g%t:téh hn ?1i%%@ﬁén

havi ng dirt conppnents adhering |

and nmarking ink specinmens were prepared in the sane

zation of the composition. That is, the composition
change attributed to the vaporization or evaporation
during the cleaning operation is very slight.

The cleaning power will be described below. The
cleaning power of the solvent-based cleaning agent

composition can be expressed by the dirt dlssolving

- capability. The solubility parameter (hereinafter

referred to as "SP") is generally known as a scale for
estimating the dissolving capability. The SP value is
strongly influenced by the polarity of the compound .
Chain compounds such as 2-methylpentane, 3-methylpen-
tane and n-hexane as the aliphatic saturated hydrocar-
bon being a component of the cleaning agent composition
of claim 15 have pProperties very similar to each other
from the viewpoint of polarlty because of the molecular
structures. On the other hand, methanol, ethanol, . .
isopropanol and n-propanol as the lower alcohol compo-
nent have also properties very similar to each other
from the viewpoint of polarity. Therefore, the clean-
ing power ls'iiiiﬁgﬁﬁﬁa-by the ratio of the component
of aliphatic saturated hydrocarbon as an aggregate of

2-methy1pentane, 3-methylpentane and n-hexane to the

_component of lower alcohol as an aggregate of methanol,

ethanol, isopropanol and népropanol.

For example, finger sebum, marking ink, waxes such



[ [ I on {ai I S- [ 40% by wei ght
I~ppi | ass in a solution obtained by dis sol vi ng
S:Egkn?nalsalg?t?ichloroethylene as a solvent and evappratlng t&ZSSﬁngngf
' di pped slide glass. Wth respect to epoxy resin, us \
;rggezrﬁen pfgpared by ?orning an about 0.5 mmthick |ayer of b'SpP¢”°|
epoxy resin (Epi kote pro-_ duced by Showa Shel | S@jﬁb\é“t#ﬁ@e‘ﬁqnaﬁ‘.‘ﬁd/gg
glass according to the netal mask printggg technique e g
. ce was evaluated in the same nanner .
girforngg descri bed above. The results grg g;venthg gfggazfﬂ?fggﬁglgﬁ§ﬁT
[ that the conpositions 1, 2 an o] PSP _
ggmlbir[regxcel | ent cl egﬁi ng capa- bility for any of vpr (ra? ADCT pogPrangnt s

and t hus have a very broad range of applicability tojd
Table 12 Table 2

Running point
. temp. range

| Highly purified satd,
S$atd. hydrocarbon 95% 99%

isooctane (C=8) 113 - 115 113 - 116

ethylcyclohexane (C=8) | 129 - 133 129 - 134

isononane (C=9) 133 - 137 133 - 138
n-nonane (C=9) _ 150 - 151 150 - 152
n-decane (C=10) 169 - 172 169 - 173
isododecane (C=12) 189 - 194 | 189 - 3% |
Example 9

Fig. 2 is a sectional view of the apparatus used
in this Example. 'Nuneral 101 denotes a vapor drying
tank, and a heater 102 is inserted in its bottom part.
The heater 102 is supplied with heat by a steam boiler
and the temperature thereof is controlled by means of a
pressure regulation valve 104. A chiller coil 105 is

. provided at an upner-part of the vapor drying tank 101,
which cools and liquefies the solvent vapor. The
liquefied solvent is transferred through a recovery

. Pipe 103 and recovered in a reconery tank 106. The
recovery tank 106 separates dewed and mixed water and

the solvent freed of water is caused to overflow from



Conpsn. 1 Conpsn. 2 Conpsn. 3 NIXt? of,gthanol ot her &
g{ﬁahgrl 2- met hyl pent ane- 50. 4 wt. % 81. 2 wﬂ.@%SO.Z wt . % 3 1w
3- et hyl pentane 30.4 wt. % 30.2 wt.Z n- hexane : .

et hanol

thhbalt. 74/49/98! -

13. 7_wt. % 16. §upksti
Ww.%3.1 wm.%
100 W . % et hanol 70 0.2 wt. PLACEMENTT, SHEET
: % 2.2 Wm. % n- propg
| sopropanol 0.8 wt. % ' 80 Vol . % piftch P
di ethyl ether : . o ol 17 GG 1996 p
o- A x Dirt rosin oil 0 q o o-[err]
clea-- ning | anol in Table o) 0
[err] capa- b|||t¥ na{klng InFerr]—U——;— [errf 0O 0
epoxy resin Q_-lerr Q__ _ m xture as
E)Fgarr)];l e 23 Thhe sane hydrocarbon Bﬁ&flaeﬂgn ‘{ﬂa(‘jﬁ%“(‘] Ewer Jﬂ cohol -
' d t g ther I n vare icpropor , )
in Exanple 19 vve[e xe w ko0, o Flashyei ght in
m xt ure conponen ‘n 952" u int
Table 13) o ther<=by obt ain mxture co EEM% paTAE. TH e M)
82 C. S|%*|isononane (C=9) 131 - 139 | 131 - 150 24
Qm
Ex. p_Q 2|isododecane (C=12) 189 -~ 196 189 - 201 64
I|¥|n-tridecane (C=13) 212 - 250 212 - 260 86
£
' Example 19
A hydrocarbon mixture cdnsisting of 60.1% by
weight of 2-methylpentane, 36.2% by weight of 3-
methylpentane and 3.7% by weight of n-hexane was used
as the aliphatic saturated hydrocarbon with 6 carbon
atoms. A lower alcohol mixture consisting of 85.5% by
weight of ethanol, 4.9% by weight of isopropanol and
9.6% by weight of n-propancl was used as the lower
. alcohol with 1 to 3 carbon atoms. The hydrocarbon
[\

mixture and the lower alcohol mixture were mixed to-
gether in varied proportions (lower alcohol mixture
component ratio: 9, 10, 15, 20, 30 and 100% bf weight in
Table 7) to thereby obtain mixture compositions in an

amount of 200 g each. These compositions were subject-

ed to simple distillation at atmospheric pressure, and

- the boiling point of initia] distillate, initial dis-

tillate composition Component ratio (hereinafter re-

ferred to as “component ratio of vapor phase") and

@62.2



i ous naterials mere

dirppi ng test and hand w ping cleaning of each of var-
performed with the use of the above m xture conpositig eaft-efr—t-he
i nspected to find any appearance change%EPLACE EEHéSHEET

materials were
tion was made on the criterion such that: 0: no appearjarjce change was
caused by the dipping test and hand w pi ng, [err]}: appeEn 6ch nge
was observed-only after the di pp7®g test, and x: gpgedrance chang

0 g

was observed after not only the di pping test but al{
The results are given in Table 13, Metals and gl asses gncountered no

probl ens irrespective of the |ower alcohol m xture conponent ratio rangrng
from1l0 to 50% by wei.ght. Wen the | ower al cohol m xture conponent ratio
ranged from 10 to 40% by wei ght, the rphkgs gopl astic resins al so encountered
no problems. However, PMVA having residual stress attributed to nolding
occasi onal | y—had—eracki-hg—caused by hand m@pinq at a | ower al cohol m xture

-conponent rgtio of. 35% by|before  |distilla-|distilla- -
nmp 9 2% by distilla-|tion 1 2 tigﬁxéla gig;illa gggtgfl
tion tion a-
ethanol 13.7 14.9 14.0 13.6 13.2
isopropanol 0.8 0.5 0.7 0.8 l.0
{n-propanol 1.6 . 0.5 1.0 1.4 1.8
2-methylpentane| 50.4 52.4 50.6 49.5 48.1
. 3-methylpentane 30.4 29.4% 30.9 31.6 32.4
n-hexane 3.1 2.2 2.8 3.1 3.5
lowe
mixtgr:1c°h°l 16.1 15.9 15.7 15.8 16.0
hydroc
mzxtur:rbon . 83.9 84.1 84.3 . 84,2 84.0
Table 9
before liq. liq. Tiiq. igti i
— giggilla- phgse 1 phgse 2 éﬁgée 3 i?g.°f diztillation
phase
ethanol 13.7 13.7 13.4 13.1 13.4
isopropancl 0.8 0.9 1.0 1.3 1.7
i |n-propanocl 1.6 1.7 2.3 3.5 5.7
- 2-methylpentane 50.4 49.5 48.1 45.9 42.3
3-methylperitane 30.4 " 31.2 31.8 32.4 32.6
n-hexane 3.1. 3.0 3.4 3.8 4.3
lower alc '
mwer 8 ohol %6.1 16.3 16.7 17.9 20.8
hydrocarb
mzxtur:r on . 83.9 83.7 . 83.3 .82.1 ' 79.2
Example 20

A hydrocarbon mixture consisting of 97.3% by

wexght of 2—methylpentane and 2.7% by weight of n-



o~

o Y
wei ght or higher. The PMVA had slight cracking made by the dipping test
but had no appearance change caused by ~ hand w ping at a | ower al cohol

m xture conmponent ratio of 30% by weight. These showed that the | ower
al cohol mi xture conponent ratio is required Subdtitutesheé¢haB03@%4rch 1999

83 by weight and is preferred to be | ess than 30% by wer ght—for
ensuring application of the cleaning agent conposition ]

of materials of itens to be cleaned. :
13 Lower al cohol m xt. conponent 10 151020 25 30 (3

(w.% iron (SPOO s © 00 °

S a MR BI60T |,

0O O o] o] 00 o] 0 brass _

o] o] o] o] Ei#8304 o] o] o ‘ : 0 o]

optical glass. 10; o o o oo o0 O o*mﬁB?ngT‘ara!s

SF15 © 0,0 0 0 0 0 0 _“““‘---_~____J
1lg. 6 is a diagram showing the construction of

the cleaning apparatus employed in Example 11;
4
Fig. : .
| 1g. 7 is a graph showing the relationship between
lower alcohql mixture component ratio of liquid phase
and lower alcohol mixture component ratio of vapor
phase measured ip Example 19; )
Fig. i i
g .8 1S @ graph showing the relationship between
low i
er alcochol mixture Component ratio of liquid phase
an .
: d lgﬁer alcohol mixture component ratio of vapor
phase measured in Example 26- |
b I 4

Fi - i i
g. 9 is a graph showing the relationship between

phase measured ip Example 24; and
Fig. lp is alperspe¢tive view of a three-points
sugportipg jig employed in Examples 12 to 18.

o Detai;ed Description of The Invention

Ac i
cording to the pPresent invention, there is

954 - distillation point

. ; [3 ] I3 - N

TRl R F—poient fallg w1th1n.5°c of its initial
i i int

boiling point and whose 99% FURREAg—BOERt falls with
; within



colorl ess plate glass 0 0 o] o] o] o] o] o polyam de
(nyl on 6) o] o] O o o] o] o] o PMVA : o]
o] 00 o] o [err] polycarbonate o] o] o] o] o]
O O o polystyrene 0 0 Substitute sheet - -
ABS 0 0 o o 0o o0 o , HEET
0 0 0 0 0 0 o o PWMVA (with residual stress) 0 0 0
[err] X X X Exanpl e . 24 A hydrocarbon m xtufe cgquﬁhiﬁggof
60. 1% by wei ght of 2-nethyl pentane, 36.2% By wei ght of 3-| pethyl pentane
and 3. 7% by wei ght of n-hexane was used as the aliphatic paturated

al cohol m xture fonsisting of

hydr ocarbon with 6 carbon atons. A | ower
85. 5@6by 84 wei ght of et nanot;

Lo ony, ) 1 10N STl agd pols YRR, TR0, s veee o
and the | ower af88hmmHgi.xt Fusrthere Bhegd ngﬁkagide a precision

cleaning method comprising removing dirt from an item

to be cleaned with the use of a cleaning agent, replac-

ing part of the cleaning agent adhering to the item

with a hydrophilic solvent or a water insoluble solvent.

and drying the item, whereln, after the replacement and

before the drying, the item is further cleaned with the

' use of a cleaning agent consisting essentially of at
least one saturated hydrocarbon having 8 to 12 carbon

distillationpoint
atoms whose 95% = alls within 5°C of its

initial boiling point and whose 99% Mﬁ%ﬁ
wlthln 10°C of its lnltlal bo;lxng point in distilla-
tion at 760 mmHg. Stil] further, there is provided a
cleaning agent composition for hand wiping comprising 36
to 90% by weight of at least one aliphatic hydrocarbon
wlth 6 -carbon atoms containing at least 44% by weight
\«/ of 2;ﬁethylpentane and 10 to 34% by weight of at least-
one lower alcqhol with 1 to 3 carbon atoms containing
at least 85% by weight of_ethyl alcohol to thereby
exhibit azeotropic or azeotrope-like characteristics.
Moreover, there is provided a precision cleaning method
comprxsxng lmpregnatlng fibrous matter with a cleaning
agent composition for hand wiping comprxsxng 66 to 90%

by weight of at least one aliphatic hydrocarbon with 6



vari ed proportions (lower alcohol m xture conponent ratio:

30 and 100% by weight in Table

0, 10, 15, 20,

14) to thereby obtain m xture conpositions

in an anount
distillation at atnospheric pressure, and theSubstitute sheebt
distillate, conmponent ratio of vapor phase™and conponent T
phase were nmeasured. The results are given in Table 14.
Table 14 b.p. ([err] 0O 62.0 5412 54.2 54.4 54
al cohol m xt. 0.0 9.8 .15.0 20.5 31.'6 100.0 conpone

of 200 g each. These conpositions were subjegted—t-o—_

si_gple

gﬁ?er

Nt M

of |iq. phase Lower alcohol m xt. 0.0 16.1 16.4 16.
conponent ratio (w.% of vapor phase Referring to.’

7 17.2 100.0

nposi tion rahged fromb54.2 to 54.5[err]C

boiling point o e | xture co
when t he Iomeré%%g%ﬂogtﬂ?itGﬁ%ﬁ%xnﬁnasatrmp&§t8ﬁ4§959yw gggt?gfa_ethanol
t c

of " ne

nol nponent

13.4% b I ght ' I d1l.1%b I ght
{1 Tl R EPB R and ot o 148 sy oesimhucs Ghie Tae abgye

ratio of liquid ph

boi l'i ng

;ower alcohol with 1 to 3 carbon atoms containing at
least 85% by weight of ethyl alcohol so as to exhibit
‘azeotropic or azeotrope-like characteristics and wiping
é surf?ce o§ an item to be cleaned with the impregnated

£ibrous matter by hand. )
'The saturated hydrocarbon composing fhe cleaning
agent for use in the Present invention may be one |
obta%ned by first oligomerizing gaseous propylene or -
butene into a mixture of hydrocarbons and then separat-

ing by distillation a fraction haﬁing 8 to 12 carbon

atoms whose 95% sSstillation point
: : + falls'within 5°C of its

initial boiling_point and whose 99% £§::iig:;:1a5i2t11
: alls

within 10°C of itg initial boiling point at 760 mmHg
from the mixture. The above oligomerization of gaseous
psopylene or bugene pProduces é plurality of specified

hydrbcarbons_with varied boiling points, from which the
desired'high-purity séturated hydrocarbon can easily be

Separated by subsequent distillation.
Wi ' ' '
th respect to the Saturated hydrocarbon for use

in the present invention, the 954 . distillation intl
=iRaing—peint falls

et mo
within s5°c, preferably, within 3°C of its initial

boili . .
oiling point. It isg stji1l pPreferred that the 99.5%

%% Etillation gint
; _all within s5°¢, especially, within 3°C



85 'point I s conspi cuously Ibmer than-both of the boiling poi nt of the
boiling point of the | ower

hydr ocarbon m xture only, 62.0[err]C, and the
t hereby exhi biting a ceaspjcuous
ET

al cohol m xture only, 78.5[err] C,
boi | i ng poi nt | oweri ng phenonmenon and denonSubstitube shaet

approxi mately azeotropic state. A vapor-Iliqui equi 1 br ijume+-ag
‘diagram) wth respect to m xtures of the hydrocarbon m )}t r%gnd t he

| ower - al cohol m xture was drawn on the balsés of the resyl{s HMART 99
14, in which the X-axis (axis of abscissa) represented {he_lower al coho
m xture conponent ratio of liquid phase and the Y-axis [axis of

ordi nat es) represented the | ower al cohol mixture conpon 0 of
t he azeotropic conposition was determ ned. The X-Y

vapor phase, am%

di agramis shofi-§™ "B @ hydrophiiiid cazeqiieopi Qazst@‘vﬁatéihe Coponent

of liquid ph%%q_‘pé}‘q: tah(%1 conponent ratio of vapor phase ares -
_ Nd drying the jtem, wherein, after the re-

pPlacement and before the drying,-the.item is furﬁher

rati o

trea i i
ted with the cleaning agent of the present inven-
ti i i
on which consists eéssentially of at least one satu-

rated i
hydrocarbon having 8 to 12 carbon atoms whose 95%

: alls within 5°C of its initial boiling

. . 'd' s L] 2
pPoint and whose 99%_su;izi;g::£atl%gils within 10°C of
s - . o

: a8lls within s°c, preferably,

within 20 o tas
1thin 3°C of itg initial boiling point. It is still

PreferTed that the 99.5%-§§§§:§§§%£E§EE¥311 within §°
in c,

N '
e s L] s . ) |
pecially, within 3°C of the initial boiling point

. d h d ]: : : 2 :

highl lsci i i
g ? miscible with dirt components such as proéessing



tical with each other, so that the intersection of the X-Y diagram and
the function Y = X represents an azeo- tropi c conposition. Therefore, an
azeotropi c conposi - tion was determined fromthe X-Y diagramof Fig. 9,
whi ch was found to consist of 16.4% by melghtSOBsﬁmﬂeshb" Y e,
m xture conponent and 83. 6% by wei ght of t he '
conponent. Accordingly, spe- cifically,
conposition : ' ‘
by wei ght of 2-methyl pentane, 31.2% by Sweight of 3-net hyI p¢n
wei ght- of n- hexane, 14.0% by wei ght of ethanol, 2.2% by|we
i sopropanol and 0.2% by wei ght of nethanol . . 100 g of a cleaning
agent conposition of the above azeotropi ¢ conposition was—prepared and

si npl e di sti | 295Gt Qe o ivizarnc anid @theD W1 in iSHgRRFERY 'zcenpa[frxssga?-

Distillate and b tons I qui d phase) were sinultane-
% (ﬁh égace of the cleaned item in the form of spots

i
H
H

or blocks to thereby cause the danger of stain occur-
rence.

In a further specific mode of the present inven-
tion, the precision cleaning method comprises vaporiz-
ing a cleaning agent consisting essentially of at least

one saturated hydrocarbon having 8 to 12 carbon atoms

k/' d . ] . .
whose 95% 1stillation int '
-555533§=§335£ falls w1th1n 5°C of its initial

11
bo;lrng point and whose 99% iaﬂaié;zgziatiggils within

10°C of its lnltlal boiling po;nt in dxstlllatlon at
760 mmHg and applying the vapor to an item to be
cleaned so that the item to be cleaned is freed of dLrt
-and/or dried. The vaporization of the cleaning agent
is conducted by heating at boiling pornt or higher
under atmospheric pressure or by heating while reducing
the pressure. 1In the latter vaporization method, the
above ‘mighly purified saturated hydrocarbon is intro-
duced in a vaporization vessel having its internal
pressure reduced to about 60 mmHg and heated. The
internal pressure of the vaporization vessel becomes
equal to the vapor pressure at heating temperature of
the saturated hydrocarbon because of the vapor-quuid
equilibrium. Wwhen the heating is performed at tempera-

tures not greater than the bozllng pornt under atmos-



ously harvested at tine intervals, and the conposition change thereof was

measured. The conponent rati os were det erm ned by gas chronatography wth
Gas chronmat ography was conducted in the

the use of cali- bration curve.
same manner as in Exanple 19. The results ar Sypsténté sheeflaB0ddafich 39@916
Tabl e 15 shows the relationship between distilTate s Em[
t he anal yti cal result of each conponent ratlo along Wt L

t he ot her

al cohol and hydrocarbon conponent ratios by wei ght) .

hand, Table 16 shows the rel ati onship bé&een botto I%@Mzﬂﬁaﬂﬂ?ge)
sanpling timng and the anal ytical result of each co ent _ratio al png
wth total |ower al cohol and hydrocarbon conponent rftios (% Dby

weight). Wth respect to the |ower alcohol mxture ale—hyedacarhgon

m xture conponBRidinghpodnst cbhpbRent§0OBORE hOBnCPARY mbefaore the"
dlstlllatlon to tE end of the dlstlllat|0n§masn0 ggbsabgg SEF S8nd the
87 ® the ratio of high bolllng point components is

hrgh in the liquid phase. Consequently, when compari-
son is made between the vapor-liquid equilibrium at the
~initial liquid Supply and that after the passage of
some time, it is found that the vapor pressure is _
higher and the amount of the vapor is greater at the
initial liquid supply. However, the heating is con-
ducted by low-boiling-point vapor at the vapor supply,
so that it may occur that the 1tem to be cleaned is not
supplied with a quantlty of heat satisfactory for
achieving the drying to. thereby failing to dry the
item. LOWbeLIing-pOLnt components evaporate and are
lost and the amount of high-boiling-point components is
increased with the passage of tlme, resultlng in a drop
of the overall vapor pressure. Therefore, with respect
to_the common hydrocarbon solvent; not only is control
Y | of the level of pressure reduction of the alrtlght
treatment vessel required but also the quantity of heat
must_be lncreased,to maintain the constant pressure.
The saturated hydrocarbop used in the present ..
distillation point )

invention is one whose 35% sunRing—powat falls within

5°C of its i .
oint nJ.tJ.al bo.LlJ.ng point and whose 993% distillation

fal
PoTeE ls within 10°C of its initial bolllng point in-

dis
tillation at 760 mmHg. Thus, the compositions are



cdnposition change of bottons harvested sinmultaneously wth the distillate
-was 3.8% by weight until the end of the distillation. Thus, very excell ent

conposition stability was confirned. Tabl e
15 Feedstock Initial Mdbsttute Bheat - 30 Walclef1999
liq. stage of stage of stage of disti-

disti-  disti- disti- | I ation

Ilation |Ilation ethanol 14.0 14. 6

14. 0 i sopropanol 2.2 1.4 248 2.2

met hanol 0.2 - . 0.3 0.2 0.1

2- met hyl pent ane 49.5 51. 4 50. 2 49.0

3- et hyl pent ane 31.2 29.9 30.7 31.5

2.9 2.4 in a2wdter indofub o)

16. 3 16,4 16 r?sl 17.0 r#it“?%?%i: ydr@%ﬁ?ﬁ% rePlac%3t'6e

83.7 83.6 Aydrgphblic soBdedt RAdier

Table 16 - Feedst ock %éﬁ?#%ithiﬂ%ﬁﬁlcalFﬁ+ﬁwent End of
lig. st age PreEeubkh Andidigping whstoptical element to thereb

di sti - di sti v%th |l ation Ylation
Ilation lation &t the water lnSOlubﬂQ)solveﬂﬁiﬁkom tﬁ@4dbt1c 13.9

2.6 .5

14.7 isopropanddiement
met hanol ent for é&nlsq}qg, WheR?QP the water Lnsolhﬂle

2- nethylpentan&olveﬁtfions t 46. 9 41,7
3- net hyl pent ane tSts %% éntla;§¥'§f at Jpast onegzaduratexnne

2.9 3.0 hydrc@:az:bon ha%i@ 5 al cohol - 16. 4
16. 4 16. 8 %E%Zlétlon pCﬁQtng Xt . tigt ‘Ji"“"\g‘en atoms whose 95%

i _ 1lls within 5°C of it

W, distillation 1;ts initial boiling

point and whose 99% m&aﬁns within 10°C of
its lnltlal boiling point in distillation at 760 mmHg .
In this method, the flrst dipping of the optical ele-
ment in the organic solvent and/or water-base cleanlng
agent removes most of dlrt components such as pltch
wax, abrasxve, finger sebum and dust therefrom. A
variety of organic solvents can be used which include
chlorinated solvents such as trlchloroethylene and
1,1, l-trlchloroethane, petroleum solvents such as

w alkylbenzenes and naphthenes, terpene solvents such as
limonene and dipentene, glycol ether solvents such as
dlethylene glycol. monobutyl ether and dlpropylene
glycol monomethyl ether and ester solvents such as
ethyl lactate and dimethyl succ;nate Examples of the
water-base solvents include alkali cleaning agents

co . [} ;
MPrising water and a small amount of additives such

as i
a surfactant, an alkalllbuilder and an antifoaming



83.6 83.6 83.2 82.9 79.8 mxt. total

400 g of a m xture of conponent ratios
in each of Tables 17 to 25 was

hydr ocar bon
88 Exanpl es 25 to 33
specified as "liquid before distillation"
put in-a distillation flask and distilled at Sabstitspdshpe
use of a rectifying colum having a theoretical plate (Kb
with coiled packing of SUS 306 (Helipack manufactured OR
Wre Netting Co., Ltd.). Thus, distil- n%?tes of conpongnt g%}
in Tables 17 to 25 were obtained at ti i nterval s. The [fable
t hel+espe

rel ati onship between distillate sanpling timngs and af=
cal results of] conponent ratios

boi li ng poi nt neasurenents and anal yti -
along with total |ower alcohol and hydrocarbon conponeRt Tatios—{3¢

wei ght) . |
of at least one Saturated hydrocarbon having 8 to 13

carbon atoms whose 95% sation point ls with
within Sec¢

of its initial $ 13 . distillati
e boiling point and whose 993 ot

- , a l Y o . . . .

éﬁ%;g; S within 10°c.of its initial boiling point in

distill. i
ation at 760 mmHg. Thus, the cleaning method

ed

not o ' .
nly resolves the drawbacks of the conventional

hydrocarbon- i
yd bon-based cleaning agent such as nonhazardoug-

environmental pollution attributed to mixing in ground
water. Furthe;, the Cleaning agent'composition'has the
Same power as that of the chlorinated cleaning agent
such as freon 113, so ;hat high-quality removal of dirt
can be performed from the item. - |

Furthe : -
T, the use of the cleaning agent of saturat-

I3 .

the prese i i
p nt invention can be maintained for a prolonged



THe conponent ratios were anal yzed by the same gas chronatography as in
Exanple 19 with the use of cali- bration curve. The conponent ratio
change was slight and, especially, the changes of | ower al cohol and
hydrocarbon conponent ratios were extrenely sSubstitute sheett i3@gManch 999

formati on of azeotropic or azeotrope- |ike conpositirons. —39
[err] - 90 [err] | -ITEPLACEMENT —
| a5 SHEET
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80°C air was blown to the item for 3 min. In the

evaluation of cleaning performance after the drying
spep, the appearance was vi#ually inspected to .find
whether or not any stain is present and to find whether
- Or not any liquid remains on the item surface with
respect to the dryability. Further, any oil remaining
on the i;em'was extracted with trichlene and the ab--
N, sorbance of the extract was measured. The oil reﬁoval'
ratip was calculated from the measurement. Evaluation
results are given in Table 1. In the eolumn "removing
capability" of Table 1, the mark "o" means an oil
removal ratio of over 390%, the mark "A" an oil removal
ratio of 50 to 90% and the mark "x" an oil removal
ratio of less than 50%. In the column "“stain” of Table
1, the marg "0" means that 'stain was not found on the
item surface and the mark "x" means that stain was.
found—on the item surface; .In Table 1, "PGM-AC" is
propylene glycol monomethylacetate (b.p. 143°C) categoé
rized as flash po?nt classification no. 3 of dangerous |
commodity wh;ch was produced by Ruraray Co., Ltd.; and
l"Daphne a;pha Ccleaner H" is cleaning agent of isoparaf-
finic hydrocarbon (b.p. 210 to 263°C) categorized as
flash point classification no. 3 of dangeroué commodity
which was produced by Idemitsﬁ Kosan Co., Ltd. Table 2

distillation point isti ion poi
C ==S-21..ation poin distillation
specifies 95% TURREAG-POLnEt and 99% IStl'llatlonuemt
. Iantaaateane: A el
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the recovery tank 106. The overflow portion of the
solvent is recycled into the vapor drying tank 101.
Numeral 107 denotes 2 drain.

In this Example, the employed solvent was highly

purlfled isodctane whose initial boiling point, 9s5%

distillation point distillation point
=and 99% W& were 113°C, 115°c

and 1l1l6°cC, -Tespectively, whlch was selected from among
the saturated. hydrocarbons listed in the above Table 2.

The .highly purified isococtane was introduced in
the vapor drying tank 101 of the above apparatus, and
the bomler input steam pressure was set at 1.8 kgf/cm2.
The heatlng temperature was 117°C which was satisfacto-
ry for vaporLZLng the highly purlfred isooctane.
Pressed copper parts as items to be cleaned were car-
ried in plled form into vapor zone of the vapor dry;ng
tank 101. ‘The-vapor was applied to the surface of the
pressed parts and the isooctane liquefied by the
pPressed parts was recovered ln the vapor dryzng tank
101. The pressed pParts were taken out 2 min later
Appearance Lnspectlon showed that there was no stain
adhesion. '

In this Example, the vapor drying with the hxghly
purified isooctane enables drying contact portions of
the Piled parts and further enables performing the .

above drying by the use of the apparatus of simple




94 | [err}- 95 [err] 96
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withdrawal in uacuum The alrtrght cleaning tank 201
and the vaporization tank 202 are ‘heated by a steanm
boiler 215, and thig heating is controlled by means of
Ppressure control valves 21§ and 217.

In this Example, the employed solvent was highly
purified isononane whose initial boiling point, 95%
distillationpoint distillation point
SURRIRTESIRT Thd 994 SRReRePetRe WeTe 133°C, 137°C
and 138°C, res?ectiveiy, which was selected from among
the saturated hydrocarbons listed in the above Table 2.

. The cleaning and drylng process of thls Example

.comprised carrying the ltem to be cleaned in the air-

tight’cleaning tank 201, reduction of the internal

pPressure of the airtight cleanrng tank 201, vapor
introduction into the airtight . cleaning tank 201,‘ _
vacuum drylng,-leak for restoring the internal pressure
of the airtight Ccleaning tank 201 to atmospherrc pres-
sure and withdrawal of the cleaned item.

(7 ' Before starting the operation, the vaporization
tank 202 was évacuated to thereby realize the vapor-
quuld equlllbrlum of highly purified isononane. The
vacuum pump 205 was Operated to thereby reduce the
entire internal pressure of the apparatus to 60 mmHg

(=700 mmHg ) . Thereafter, the vapor supply.valve 203



‘ 97 [err] o g met hod
Lerr] nat i i i s: 1. A precision cleaning ne ‘4
i st |ﬁD3[a|nE?né dirt froman itemto be tleaned with the use o
gﬁggazﬁéngg;ﬁt consisting essentially of. at | Sabktituté sheet - 30 March 1999
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distillation point distillation gglnt
=anndag_point anﬁ 99% running—peint were 169°c, 172°c

and 173°C, respectlvely, which was selected from among

the highly purified saturated hydrocarbons listed in
the above Table 2.

As a set-up for the operation of the above appara-
tus, the water ring pump 305 was operated to thereBy
reduce the entire lnternal pressure of the apparatus.
Thereafter, the vapor supply valve 303 and the pressure
reducing valve 304 were closed and the leak valve 311
was opened So that the internal pressure of the air-
tight Cleaning tank 301 was restored to atmospheric
pressure. The heater was connected to power source to
thereby heat the solvent placed in the vaporlzatlon
tank 302. The lnternal pPressure of the vaporization _
tank 302 was so reduced that the inside of the tank was'
filled with the vapor in an amount corresponding to the
vapor pressure at the heating temperature. The temper-

L/- . ature of highly purified n-decane Present in the vapor-
ization tank 302 was about 160°C while the internal
pPressure of the vaporization tank 302 was held at 5§09
mmHg (-200 mmig) .

' Polished metal parts having been dlpped in the
highly purified n-decane after dirt removal were car-
ried in the airtight cleaning tank 301. The pressure

reducxng valve 304 was opened to thereby reduce the




saturated hydrocarbon having 8 to 12 carbon atons whose 95% di stillation
point falls within 5[err]C of its initial boi li ng poi nt and whose 99%
distillation point falls within 10[err]C of its initial boiling point in
distillation at 760 mHg. 2. The BubstititeshelegABOMdFehsbo

according to claim1, which further conprises—treat+rg—t o Mi—
agent used in dirt renoval with water so that inpuri- t|@§§§h£§:lﬂﬁkbﬂﬁﬂg
cl eani ng agent are separated off. 3.g4 The preci sijon cl eani ng

met hod according to claim1, wherein the saturated hydrocarpord U MAR 19990-
paraffin. 4. The precision cleaning nmethod accordifng to claim1l

wherein the saturated hydrocarbon is princi- pally conpoged of TSomnome
5. A-precision cleaning nmethad_conpri si ng

havi ng 9 carbon atom%
izing a clean ar{ﬂ( Jtt Lanst Wegee shamigieal kil tof o&"ganxc sol-

vapor -

vent EE-4110 (cleaning agent based on terpenic hydro-
carbon, produced by OLympus Optical Co., Ltd. ), which
was heated at 40°C and provided with ultrasonic of 27
KHz / 600 W and oscxllatlon of 100 mm width once/sec.
Tank nos. 3 and 4 were charged with water-base cleaning
agent EE-1110 (neutral cleaning agent produced by
N OLympus Optical Co., Ltd.), which was heated at about
o 35°C and provided w1th ultrasonlc of 27 KHz / 600 W and
osclllat;on of 100 mm w1dth once/sec. Tank nos. 5 to 7
were charged with pure water of about 1 MQ in cohduc-
tivity, which was provided with ultrasonic of 27 KHz /

600 W and oscillation of 100 mm width once/sec. Tahk
nos. 8 to 10 were charged with hydrophilic solvent IPA,
which was provided with ultrasonic of 27 KHz / 600 W
and oscillation of 100 mm width once/sec.

. Tank no._ll was charged with highly purified
isonenane having 9 carbon atoms whose 95% auaiZ:;:;::;t ==
fallsdﬁiii;giggomi$§s anltial boiling point and whose
99% Wlls at 5°C from its initial boiling
point in dlstlllatlon at 760 mmHg as specified in Table
2, which was provided with oscillation of 100 mm width
once/sec only. Tank no. 12 ‘was charged with the same
highly purified isononane as in tank no.'li, which was

not provided w;th ultrasonic nor oscillation. The




4- S 99 | east one sat urat ed

hydr ocarbon having 8 to 12 carbon at onrs whose 95% distillation point
falls wthin 5[err]C of its initial boiling point and whose 99%
distillation point falls within 10[err] C of subgmufte@habt bcgd M'ggcﬁo'gggl n

distilla- tion at 760 mmHg and applyi ng t hevapor—toat—t+temte—>be—
cl eaned so that the itemto be cleaned is freed of dirt and/or dri ed.

6. The precision cleaning nethod accordffg to claimb5, ) €
to be cleaned is carried in a cleaning treatnment chanber, MQ@ENIQSHEET
t reat ment chanber ‘has its internal pressure reduced to thgrgby

I ntroduce therein the vapor of the cl eaning agent so t hat thesmlﬂKRbpg@e
cleaned is frdédmpi;ﬂt;ggjggggmgéL;gr|ed and the pressure of | the cl eaning
treatment cham

The same procedure as in Example 12 was

except that tank nos. 11 and 12 of the Cleaning line

were charged with isononane having 9 carbon atoms whose
distillation point

95% Someraa—a distillation int
ekt A S s 99% Wm’:e 8°C and

1%°cC fromnphe initial boiling point, respéctively, in

disti;lation és indicated in Table 5. This isononane
hgd large distillation temperature range.and thus its
pu;ity was low. Evaluation results are given in'Table
4. The defect ratio was as high as 13/100 with respect
to the post~cleaning evaluation and as high as 25/100
with respect to the post-coating evaluation. Although
the drying velocity.ﬁas high without any disadvantage,
the distillation_temperature'range from the initial
boiling point was largé to show a large content of
high-boiling-point components. Thus, a multiplicity ofr
lenses suffered from stain.
Cdmga;fti;;"Examglé 6
N\ The same procedure as in Example 12 was repeated
except that tank nos. 11 and 12 of the cléaning line
were charged .with isododecane having 12 carbon atoms -
whose 95% -lﬁgﬁMd 939 %e 7°C
and 12°C from the initial boiling point, respectively,
in distillation as indicated in Table 5. 'Evaluation

results are given in Table 4. The defect ratio was as



ber is restored to at nospheric pressure. 7. A precision cleaning
ing dirt froman itemto be cleaned with the use

nmet hod conpri sing renov-
replacing part of the cleaning agen adhering to the

of a cleaning agent,
itemwith a hydrophilic solvent or a water |3ﬁ5§u@h§shgbzz*ﬁ' JEr

the item wherein, after the replacenent and betore
is further treated with a cleani ng agent consisting

| east one saturated hydrocarbon 68
having 8 to 12 carbon atons whose 95%distillation point

ess

S[err]C of its initial boiling point and whose 99%
falls within 10C of its initial boiling point in disg
mrHg. high ; |
gh as 42/100 with respect to the post-cleaning evaly-

ation and as high as 56/100 with respect to the pest-
.coatipg evaluation. Although the drying velocity was
high without any disadvantage, the distillation temper-
ature range from the initial bo;llng point was large to
show a large content of high-boiling- -point components.
Thus, a multlpllc1ty of lenses suffered from stain.
Comparative Example 7
W | The same procedure as ih Example 12 was repeated
except that tank nos. 131 and 12 of the cleaning line
were charged;év&.fﬁtn-trldecane having 13 carbon atoms
whose 95% w:md 99% ﬁ:::;}h}jg—;&q%‘;re 38°C
and 48°C from the initial bo;llng point, respectively,
- in dlstlllatlon as indicated in Table 5. Evaluation
results are given in Table-4. The defect ratio was as
high as 65/100 with respect to the post-cleaning evalu-
ation and as high as 82/100 with respect to the post-
coatlng evaluation. The drying velocity was relatlvely
low, and the distillation temperature range from the
initial boiling point was large to show a large content
of high- boxlxng-po;ntzcomponents. Thus, a multlplicity :

cf lenses suffered from stain.



8. The precision cleaning nmethod according to claim7, wherein the
saturated hydrocarbon is an iso- paraffin. 9. The precision

cl eaning method according to claim7, wherein the saturated hydrocarbon is
princi - pal Iy conposed of isononane having Substifig she@¥E 30 March 1%gé).
The preC|S|on cl eaning method according to cTalm 7, wrererr—aer

repl acenent and before the drying, the itemis dlpped I n said cl eaning

agent consisting essentially of at |east one saturat§ g '
-and lifted at-a rate of not greater than 70 nm's fr(ggl é@%%%ﬂ?r 2Aagent
to thereby depart fromits liquid | egg . 11. JAgpreci sion cl epn} ng
met hod conprising the steps of renoving dirt froman oftilcg OMARINY t p be
cl eaned with the use of an organic solvent and/or a wdtdr-base cleani hg

agent, ) 101
g What is claimed is:

1. A precision Cleaning methad comprising remov- |

ing dizrt from an item to be cleaned with the use of a

c
leaning agent cons;st;ng essentially of at least one

saturated hydrocarbon havi '
distillation point tng 8 to 12 carbon atoms whose

5% enniae—sIRE Tal1s within 5°C of its initial
boiling point and whose 99% ‘%&lls wi::h.r‘.
n

. 10°
U O.C of its initial boiling point in dxstLllatLon at

| 2. The precision cleaning method according to
claim 1, which further comprises treating the cleaning

agent used in dzrt removal with water SO that impuri-

ti
| es mixed into the cleaning agent are separated off.

3.
claim.l,

The preczs;on clean;ng method acoording to

Wherein the Saturated hydrocarbon is an iso~-
W, paraffin.

4. Tho_?reCLSLon cleaning method according to |

c
laim 1, wherein the Saturated hydrocarbon is princi-

a
p lly composed of isononane having 9 carbon atoms.

S.
precxsxon cleaning method comprising vapor-

izing a
g cleaning aqent consxst;ng essentially of at

‘I NI A



i ' ' i ent adhering to
rinsin ' | vent wat er - base cl eani ng ag
rinsing off the organic so _ USe of water. replacing
the optical and/or O tﬁgenent with the Lovare hydrophlllc sol vent,
thelma?ﬁr adgg{:QgI el enent t-he hydroshbgﬁﬁqggﬁéagt_n_
Lgfi§§| glenent with a water insolube cleanfTg—ag e

| ement to thereby c
Oghgsgltﬁe wat er insol ubl-e cl eaning ageﬁ@ fron1;heaog;{c
;lnlshlng wherein the water insoluble cleagl g hgdrocarco
consi sts ESsentiaIIy of at |east one saturate y

int distillatiol

at OITFed¥¥0hd Wity apion Roi Wings & 38961 stadBa

&ftﬁ?;bgFerr]C of its |n|t|e§u€%ﬁ__h_ t! igl Jﬁﬁl ng g;lnto'.

point falls wiattins Mciﬁzélfréh%gfrem :--“T"- héa aC€or
0 mrHg. =Gt O |

2It ar% 11, wheiailfiaHe bodtlinat @b imedHag Qe %9"%I mrfatlﬁg

to
on _cl eani ng net hod accordi ng
igturg?egrﬁ§h§éEQ*5040f§ odmiasednitial boiling point in dxstllla-

tion at 760 mmHg and applying the vVapor to an item to
be cleaned so that the item to be cleaned is freed of

dirt and/or dried.

6; The precision-cleaning method according to
claiq“§{_3berein the item to be cleaned is carried in a
.cleaning treatment chamber, the cleaning treatment
chamber has its internal pressure reduced to thereby
introduce therein the vapor of the cleaning agent so
that the item to be Ccleaned is freed of dirt and/or
dried and the pressure of the cleaning treatment cham-

ber is restored to atmospheric pressure.

- 7. A precision cleanlng method comprising remov-
L ing dlrt from an item to be cleaned with the use of a
cleaning agent, replac;ng part of the cleaning agent
adhering to the item with a hydroph;llc solvent or a
water lnsoluble solvent and drying the item, whereln,
after the replacement and before the drying, the item
is further treated with a cleaning agent consisting

essentially of at least one saturated hydrocarbon

-*\\\\\“““---\

[l

M M



of isononane having 9 carbon atons. 14. The precision cleaning
-102 claim

met hod according to
11, wherein the water insoluble solvent is treat- ed with water after
use in the hydrophilic sol vent r epl acenment Sabstifuaé sheet by '

solvent is separat- ed of f fromthe water 1 nsSorubl e SOt
I nsol ubl e sol vent. conprising 66

regenerate the water
wei ght of at | east one aliphat- i c hydrocarbon with 6 ca
cont ai ning at | east 44% by wei ght .010@- et hyl pent ane ang

wei ght of at |east one |lower alcohol with 1 to 3 carbon
at | east 85% by wei ght of ethyl -al co- hol to thereby exhi bt

or azeotrope L ke :
haug.ng 8 to 12 carbon atoms whose 95% W o
k

8- Py s
The precision cleaning method according to

claim i
7, wherein the Saturated hydrocarbon is an iso

paraffin.

S. isi

- The Precision cleaning method acéording to
claim i

7, wherein the saturated hydrocarbon is princi:

pPally composed of isononane héving-s carbon atoms

| 10. fThe precisioh cleaning method acco?ding to
Clélm 7, wherein, af;er the,réplacement and beforé the -
drying, the item is dipped in said cleaning agent
confisting essentially éf at least one saturated hydro-
carbon and lifted at 2 rate of not greatei than 70 mm/s

£ i L
rom the Cleaning agent to thereby depart from its

liquid level.

ll. - - . [ .
A precision cleaning method comprising the

steps of removing dirt from with the use
éﬁiﬁ?ﬁﬁ%f§ﬁ=33fféal element to be'cleaneaE;;?in

14

-~




- conposi tion for hand
The cl eani ng age npn hexane, net hanol,

of t he

* ‘. . . 16
ristics.

WP Gccorang 1o ol ol s Tess than 10% by weight  based on al

ropanol is '

Icong(r)gf)?rlgln and n-p 27 The cl eani ng agenttsggggﬁhblép{éeftor:; . _

' ' r conte P

according to claim15 or 16, whose wate e g SREP] ;!.

W?Igrg|ns 15 tp 17, wherein the total 183unt of conpggegtsmg.é ?g%p

O0|nt 120[err] C or higher at 760 nmHg is | ess than f 17%[err]c 34 ﬂABH€$9

Eotal amount of conponents haV|ng a b0|I|ng p0|nt o]
Q0 ]

at 760 nmHg 4

water-base cleaning agent adhering to the optical
Hlth the use of water, reglacmg
element.,..l —~

. Rl hezak Laca_the water adhering to the
1th a2 _hydrophilic solvent,reglac1ng
- optical element ZEW
hydrophilic solvent adherxng to the optical element

with a water insoluble cleanin agent
SROSSES[ENT aryIny tRE BPEIRHL element to thereby
‘cleaning agent
: remove the_ water insoluble ﬁ‘iﬁ‘ﬂme optical
"

element for fznlshing, wherein the water insoluble

cleaning agent
§E§§i§%2§%i§ists essentially of at least one saturated

hydrocarbon having 8 to 12 carbon atoms whose 95%
distillation point
2lls within 5°C of its initial bozllng

Mggn_t
point and whose 99% :nnn:ng:pn:nt-falls thhln 10°C of

its initial boiling point in distillation at 760 mmHg.

12. The precision cleaning method according to
claim 11, wherein the saturated hydrocarbon is an

U S lsoparaffln.

13. The pPrecision cleaning method according to
claim 11, wherein the saturated hydrocarbon is composed

of isononane having 9 carbon atoms.

14. The pPrecision cleaning method according to

LT,



19. A precision cleaning nethod conprising im pregnating fibrous matter
with a cleaning agent conpo- sition for hand w ping conprising 66 to 90%
by weight of at |east one aliphatic hydrocarbon with 6 carbon atons
contai ning at |east 44% by wei ght of 2-methyl gebstitita¥heatd SPMAcRHO99Y

' at

wei ght of at |east one |lower alcohol wt t
| east 85% by w eght of ethyl alcohol so as to exhibit az tal : (S,HF .
azeotrope-li ke characteristics and w pi ng1612 s ace of an MENT FET

cl eaned with the inpregnated _
' 3 0 MAR 1999

claim 11, wherein the wat_er insoluble solveﬁ“—is—-t:aa.t.“

regenerate the water i'nsoluble solvent.

comprisi ! - '
Prising 66 to 90% by weight of at least one a '- :

. 1
ic h i
ydrocarbon with 6 carbon atoms containing ag/least

44% ig
443 by weight of 2-methylpentan_e and 10 to 34X by

N\, th
an 10% by weight Based on all of the composition

] s . e .

is less/fhan 2000 ppm by weight.

,,,,,,,, - ~Ta =) - -V
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total amount of components having a boiling point of
120°C or higher at 760 mmHg is less than 1% by w&ight
and the total amount of components having a g0iling
peint of 170°C or h;gher at 760 mmHg is lgfs than 1000
ppm by weight.

19. A precision clean;ng péthod comprising im-
pregnatzng’f—brous matter wir’ a cleaning agent compo-
s;tlon for hand wszng cop -r;sxng 66 to 90% by welght
of at least one aliph_/'c hydrocarbon with § carbon
atoms containing ay/least 443 by weight of 2-methylpen-
-tane and 10 to 343 by weight of at least one lower
alcohol wit to 3 carbon atoms containing at least _
85% by we Zght of ethyi alcohol so as to exhibit azeo- |
tropi¢/or azeotrope-lzke characterzstzcs and wiping a
suy ace of an item to be cleaned with the impregnated

= =2 350 -~ e v ‘“.

_—
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