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IITLE
ENVIRONMEN_TALLY SAFE CLEANING PROCESS AND
CLEANING COMPOSITION USEFUL THEREIN
BACKGROUND OF THE INVENTION

The present invention relates to an envirenmentally
safe cleaning process for removal of contaminants from a
substrate surface which employs a water rinse-whereby
the water is reused. Also the present invention relates
to a cleaning composition useful in such process.

A number of patents are directed to removal of
contaminants from specific substrate surfaces.

Dean U.S. Patent 4,673,524 discloses a cleaner
suitable for cleaning hands and difficulty removable
objectionable material such as modern catalyzed auto
paint, fast drying printers ink by use of a multi-
component composition containing 25-65% by weight of a
dibasic ester admixture of dimethyl succinate, dimethyl
glutarate and dimethyl adipate, 5-25% by weight
dipropylene glycol methyl ether, 5-25% by weight .
odorless miheral spirits, 4-9% by weight triethanol-
amine, 5-15% by weight octylphenoxypolyethoxyethanol, 1-
3% by weight nonyl phenol ethoxylate and 8-18% by welght
tall oil fatty acid.

Jackson U.S. Patent 4,780,235 discloses a low
toxicity paint remover composition containing C; to C4
dialkyl esters of C4 to C¢ aliphatic dibasic acid, an
activator, a thickener, a surfaotant and at least one
other organic nonhalogen-containing solvent.

' Hayes et al. U.S. Patent 4,640,719 discloses use of
terpene compounds in cleaning printed writing boards.
This patent discloses cleaning of residual flux and
particularly'rosiﬁ solder flux and adhesive tape
residues employing terpene compounds such as pinene

including its alpha and beta isomer, gamma terpinene,
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The present invention relates to an environnental ly sal e cl eani ng process
for renoval of contam nants froma substrate surface which enploys a water
rfnse whereby the water is réeused. =~ A nunber of patents are directed to
renmoval- of contam nants from specific substrate surfaces.: .Dean U. S.

- Patent 4,673,524 discloses a cleaner suitable for cleaning hands and
dIffICU|ty renovabl e obj ectionable material _such as nodem catal yzed auto
paint, fast drying printers ink by use of aznultlconponent conposi tion con-
taining 25-65% by wei ght of a dibasic easier adm xture of dinethyl

succi nat e, dinethﬁélgausacatenandlﬂmoneﬂgIamdi¢&pentéhé&ﬂ%ﬁn/l&ﬂqﬂﬂne and

dipropyl enc of yogholRLOYL SEUSL: Fed oRIoURLA POUHE SR UANE Husdhidd

4- 9% by wei ght tr an1ne
octylphenoxypoly@fh@h?elh@ﬂ@ene1°B@é©§lhnl@#ﬁiVﬂwﬁﬁomﬁnﬁmﬂ i matant and
8-18% by wei ght galtnek! aigbiys@s! that thed$€ SOfpdhe cdidsiitiash &0, 235

discloses a low toxicity palnt renpver_conpo |t|on contalmqﬁ%(Ierr] t.o

Clerr] dialkyl e3tBpst F°@E1?Beﬁ' etR§oLEbIM AR Wk R ARd LAY Pect i vat or,

a thickener, a suii-a@twt f£238héd éﬁ@?tbﬁnﬁa@éhﬁf TH&efSrenaithad ogen-
cont ai ni ng solven

. Patent 4,640,719 disc) oses e of
t er pene corrpoundgr?ﬁeEF%§n¥‘Hﬁ°§i‘Pﬁ’f‘%dt?\fP?ﬁ’?lgc%‘?‘&ds'ﬁﬁ CFFJ‘?%”rﬂ Cgi ses
cl eani ng of residnal ofl maranempbsifgihagrsyrfastantsolckgpablenofind adhesi ve

tape residues engkenggyigﬁ'terpenes with water to facilitate their
10 removal.
Dishart et al. U.S. Patent 4,867,800 discloses
cleaning of printed circuit board substrates with a
combination of a dibasic ester and terpene.
Futch et al. U.S. Patent 4,934,391 diScloses
15 removal of rosin solder flux or resist residues
employing a dibasic ester and an emulsifying surfactant.
In a distinct embodiment, a combination of terpenes and
dibasic esters are disclosed.
With the advent of tightened ;esttictions on the
20 use of CFCs and chlorocarbon solvents, metal fabricators
and other manufacturers are faced with a choice among
many options for satisfying their cleaning requirements.
These include flammable alcohols, high-flash-point
solvents, semi-aqueous cleaners based on terpenés or
25 terpenes/dibasic esters, and aqueous cleaners. Alcohols
clean well but are_flammabie,'high—flash—point solvents
leave residues which are slow drying, terpenes have
undesirably low flash points and objectionable odors,

- dibasic esters are a poor solvent for oils and greases,
30 = and aqueous cleaners are ineffective f6r removing heavy
oils and greasés'from tight clearances. In addition
aqueous and semi-aqueous cleaners pose waste disposal
problems unless the soils removed can be effectively

separated from the waste water.
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pene -conpounds such as pinene including its al pha and beta isoner, ganmma
terpi nene, delta-3-carene, |inonene and dipentene with |inonene and
dt pentene preferred. Di pentene is the racemic mxture of the |inonene
optical ly.- active isonmers. This patent further discloses that these terpene
conpqunds are al nost- conpletely insoluble in water and cannot” be directly
flushed away by water. Therefore in a prefe%red enbodi nent terpene
conpounds are conbined with one or. nore enutsifying surfdctants capabl e of
enmul sifying terpenes with water to facilitate their renoval. Di shart et
al. U S -Patent 4,367 guerdiethshefan damen)-wqueous sdeanesumhisbais:

substrates with éEféE%HﬁEﬂf6¥‘égnﬁhﬂiﬂﬁﬁﬂ‘%éﬁﬂ#ﬁl %@%ht%%p%ﬁq and Futch et
al. US. Patent 4.934,391 discloses reana resi st

i.;n sol der  flux or
resi dues enpl oyi PP Hiedeqradable, éﬁhﬁﬂﬁiﬁ rsEePEdtant . I1n a

di stinct enbodi ar@t@@rﬂdmtrﬁfbé)fwdtﬁﬂ}eﬂﬁ% anehididbagios amdehdgare dis-
cl osed. EPHG?E %h 475 dlscloses cleaning of flux residue by a )
conposition a3 Masi c ester, hydrocarbon sol vent and surfactant.

It was published after the pr|oﬁhuymﬂmmﬁnfﬁthﬂniqxﬂnninni nvention. =~ Wth

the advent of tighte{}g}g? ésrérl}[ O:iﬁﬂfen%otrpt?ms“%ﬁr%fctg:dci agdgg%:ﬁg%%cgwon

solvents, netal fabr s an er nenufacturers are f a choi ce
among many opt i oremeving eentfaninantecifiram @asunfaceqeifr ansubstrafiese

comprising the steps of:

10 _ (a) applying a cleaning composition to a
surface of a first substrate,

(b) rinsing the surface of the substrate with-
water to remove contaminants and the cleaning
- composition,

15 (c) collecting a combination of the
cchtaminants; cleaning composition and rinse water and
‘allowing the cleaning composition and contaminants to
separate from the water, -

| (d) recycling at least a portion of the water

20 from step (¢) in a rinsing step onto a second substrate

on which cleaning composition has been applied,
whereby the cleaning composition comprises (i) a

liguid hydrocarbon solvent having a flash point above

100°F, (ii) an-emulsifier for the hydrocarbon solvent

25 and (iii) a dibasic ester wherein the cleaning
composition is predominantly liquid hydrocarbon solvent
on the basis of solvent, emulsifier and dibasic ester
and wherein the cleaning compoéition has an ability to
phase separaté when mixed with water.

30 Also the present invention is directed to a
cleaning composition which e.g., is particularly useful
in cleaning substrates.

Detailed Description of the Invention
A key feature Qf the present invention is an
35 ability to undertake_a cleaning process in an
[
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I ncl ude fl anmabl e al cohol s, high-flash-point solvents, sem -aqueous
cl eaners based on terpenes or terpenes/dibasi.c esters, and agueous
ct eaners. Alcohols clean well- but are flanmabl e, high-flash-point solvents
| eave residues which are slow drying; -terpenes have undesirably |ow flash
poi nts and obj ectionabl e odors, dibasic esters are a poor solvent for oils
and greases, and aqueous cleaners are ineffective for renoving heavy oils
and greases fromtight clearances. |In additigon agueous- -and sem -aqueous
cl eaners pose waste disposal problens unless the soils renoved can be ef-

fectively separa S er. ed exi for.a '
sem - aqueous cl e%ﬁg%éé\ﬁlﬁ%%pgg\gf%gg i'@/%m?%’?' co'ﬁté;sﬁrgeasrﬁntfg)}oovca 55 lozi'ss oi |
and grease, biodepphiiastion|efy 2 nclenning yGompestitions dimaraatsayr fiaaemaf mse

vater, has a m!guogfra@0del fhudd By 40 dYueous it Humdveyantion 1s

directed to a process for renpving contam hants froma surface of a
substrate conpriSPRBlrakicnpf epntaminanty apg|theFleatidthi ng conposition
to a surfacesof gompdsitEeRst I'PHE presedtd)invelti idh tihy doHdiangf tdde

substrate with water to r e, coni am nants, and the cl eani ng gonpaosition.
(c) collecting a°3%ﬁ‘6?’ﬂ%t$%ﬁ¥%¥e‘??£e%o‘?faﬁﬁjr%tas’ft AR S%% on and
rinse water and ptoblemsg ahe presented in disposal of a cleaning agent
and a rinsing material.
The type of substrate employed for contaminant
10 removal is varied. '?refer:ed substrate material include
steel, stainless steel, aluminum and its alloys, copper
and its alloys, high ferrous alloys such as the
Hastelloys, and nickel alloys such as Monel. Also
articles made of'plastics-and glass can be cleaned. 1In

15 one aspect of the present invention a preferred
substrate is a ferrous containing alloy and a cleaning
composition may contain a rust inhibitor in addition to
other components more fully described below.

Contaminénts which are removed from the substrate

20 are varied and include, e.g., heavy and light
lubricating oils, metal working fluids (cutting,
drawing, or machining oils), greases, buffing or lapping
compounds, pitch, high-melting_waxes, and particulate
contamination and the like.

25 - In the present invention a key aspect is the
employment of a specially formulated cleaning
composition which is insoiuble or substantially
.insoluble in water so that phase separation readily
occurs. In a first step of the present process a

30 cleaning composition is applied to a substrate surface.
The manner of application of the cleaning composition is
not critical and can involve, e.g., dipping of the
substrate into the cleaning composition or spraying of
the composition. IA & aipping eperatien acme agitation

'35 of the eleaning bath is generally desirebils such as by

_— .
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conposition and contam nants to separate fromthe water. (d) recycling
at least a portion of the water fromstep (c) in arinsing step onto a
stcond substrate on which cl eaning . composi tion has been appli ed.

wher eby the cl eaning conposition conprises (i) a liquid hydrocarbon sol vent
having a flash point above 37.7[err]C (100[err]F), (ii) an enulsifier for
t'he hydrocarbon solvent and (iii) a dibasic.ester wherein the cleaning
conposition is predomnantly Iiquid hydroca?bon sal vent on the basis of

sol vent, enulsifier and dibasic ester and wherein the cleaning conposition
has an ability tswbmergedddguide jetsn megcbandcad @abisring oruktyaseaiare
of the present iyARHdRIIES an ability to undertake a cleaning process in

an environnmental 'y -safe manner._ The present process _allows application of a
cl eani ng conpositionAfSex &ier £d&ssr skepuddt WREEHT BheoRe8aBY2IN aqueous

‘rinse to renbve confpiitidin @3 @pplledakonankabakdatBesakreaseng se6paai tion.
The present %nvgig(n1 S coné si dered;to OVﬁrgogp dgglgleggées of prior art
processes wher ei P;ﬂ'éot?l dpkex Xinsg  ds: 8RPIRYEds o SAPTERLESE| 402Ny
This is the repltidenkrstegheat mixture of the cleaning composition,
removed contaminant and'rinse water are collected in a
container. The mixture is allowed to stand wherein
phase separation of the cleaning composition and rinse
10 water takes place. Preferably for safety éonsideratiods
thé'hydrocarbon fraction will be in droplets suspended
in water as the conﬁinuous_phase rather than water
suspended in a hydrocarbon. Time for phase sepération
is preferably almost immediately such as within one
15 minute. However separating times can be longer such as
up to one or three hours with a disadvantage of less
throughput. Use of elevated temperature may increase
the rate of separation. It is understood'that'it_is
within the scope of the invention to employ water with
20 the cleaning composition in the first step in which the
cleaning composition is applied to the substrate surface
prior to a rinsing step. _ '
The surface contaminant particularly if it is
hydrocarbon based will concentrate and collect in the
25 cleaning composition. To avoid buildup of contaminants
to unacceptable levels a portion of the cleaning
composition should be removed and environmentally
disposed, e.g., by burning. 1In steady state operation
~ of a cleaning process a porfion of the cleaning
30 composition can be recycled for use with other
substrates. However, it is not necessary for the
cleaning compositiOn'to be recycled but for economic
- reasons such recycling is preferred.
In contzrast to tthe eisaning eempesition, it is
35 necessary for rinse water to be recycled for use in

(T
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agent and a rinsing material. The type of substrate enpl oyed for

cont am nant renbva
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is varied. Preferred substrate materi al sinclude steel,

6

another cleaning step after its phase séparation from -
the cleaning composition. Therefore a closed loop may
be employed wherein rinse water is continuously
separated from the cleaning composition and continuously
reused in a'rihsing step.

In the present invention one or more liquid
hydrocarbon solvents are used in the cleaning
composition. The type of hydrocarbon component useful
in.the invention may be selected from the broad class of
aliphatic and aromatic solvents. The hydrocarbon
solvent has an ability to be present as a residue on the

- surface of the substrate which aids in contaminant

removal. Preferred hydrocarbon compounds or blends
posses a flash point above 100°F, preferably above 140°F
and more preferably above 200°F (Tag Closed Cup method)
so that they are not classified as flammable liquids.
Examples of such hydrocarbon components are the high
flash point petroleum derived solvents, such as mineral
spirits, naphthas, and aromatics readily available from
a variety of suppliers.' Specific examples are Exxon
"Isopar," Shell "Soltrol" and Ashland "Hi-Sol" solvents.
A highly preferred class of hydrocarbon solvents is

aliphatic. Although a hydrocarbon solvent can include

terpene, a preferred class excludes a terpene
hydrocarbon.

In addition to the hydrocarbon solvent at least one
emulsifier is employed. A preferred emulsifier is a
nonionic surface active agent, i.e., a surfactant which
functions to facilitate the emulsification of the
hydrocarbon solvent in the water rinsing step. The -
emulsifier is chosen to have enough emulsifying power to
promote rinsing without formation of a stable emulsion.
This feature is important since one of the primary
advantages of the cleaning composition is its ability to
separate into a second layer on the surface of the rinse

is Sheet Has Been Replaced
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stainless steel, alumnumand its alloys, copper and its alloys, high
ferrous alloys such as the Hastelloys, and nickel alloys such as Mnel.
Afso articles nmade of plasticCs and glass can be cleaned. |In one aspect of
the present invention a preferred substrate is a ferrous containing all oy
and a cl eaning conposition may contain a rust inhibitor in addition to

ot her conponents nore fully described bel o Cont ami nants which are
renoved fromthe substrate are varied and include, e.g., "heavy and I ght
lubricating oils. netal working fluids (cutting, draw ng, or nachining
oils), greases,WBEPﬁkngabﬁngapéthgiéohb%uﬂ@%?a$gﬁ%mﬁsrmgwpﬁﬁﬂtf¥gm th&es,

and particul atecggahad BatieRednNd thes! sk@plifies! FeéPO1orS5che i fyeEEI ON A -
key aspect is the enpl oynent of a speciall fornulaged cl eani hg. conmposi tion
which is insol EFREPIESsQhsBYRRi SPF a.FH%BF%b’F_Eei’F PRiS? %‘thg}.ase

separation readethoagtutes,| ¥haréi thé alephol isecppimaeptoprseesndany

cl eani ng corgosi tion_i.sapplked tgasa r u Egagﬂ o)
applicationqgf th gFéaﬁFﬁ% éoggogpt?%ﬁg$é ﬁ%ftgc#$?€§%|3£§ canf%%v%?ﬁe,
e.g., dipping obet Adnealsprabeanghed; hand| vheragthepveragenanbeprafi ng of
t he conposition LPR! peLak] itation of the cleaning
bath is genera|F§h§é¥??g%|§*§8§ﬁ gé _§8§uggg§ggg liquid jets, nme- chanical
stirring or ultrason® &pgl psesedh. inventjppeca dhHeasieseste@EpOrn which the

cl eani ng conposichinBAnkt 18APbECHibAs BcSELEEE 3661 0€hE SCEs FeRSEOSPEd St ep Of a
wat er 10 Dibasic ester is employed in its normal definition and
includes typical dialkyl esters of dicarboxylic acids
(dibasic acids) capabie of undergoing reactions of the
ester group, such as hydrolysis and saponification.
Conventionally at low and high pH they can be hydrolyzed
15 to their corresponding alcohols and dibasic acids or
acid salts. Preferred dibasic ester solvents are:
dimethyl adipate, dimethyl gluterate and dimethyl
succinate and mixtures thereof. Other esters with
longer chain alkyl groups derived from alcohols, such as
20 ethyl, propyl, isopropyl, butyl and amyl and mixtures
' thereof including methyl can be employed. Also the acid
portion of these esters can be derived from other lower
and higher molecular weight dibasic acids, such as |
-oxalic, malonic, pimelic, suberic, and azelaic acids and
25 mixtures thereof including the preferred dibasic acids.
These and other esters can be employed provided they are
soluble with the hydrocarbon solvent and are not
classified as flammable liquids (Flash Point at or above
100°F by Tag Closed Cup method and more preferably above
30 140°F). _ . '
Although the above class of dibasic esters provide
~operability in contaminant removal, it is highly
preferéble that the dibasic ester comprises di-~isobutyl
dibasic ester. Such ester has been found to be |
35 particularly effective in allowing phase separation to

is Sheet Has Been Replaced . “
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rinse is enployed. Thereafter in a third step, a mixture of the cleaning
conposition, renoved contam nant and rinse water are collected in a
container. The mixture is allowed to stand wherei n phase separation of the.
cl eani ng-conposition and rinse water takes place. Preferably for safety
consi derations the hydrocarbon fraction will be in droplets suspended in
wat efas the continuous - ‘phase rather than water suspended inahydrocarbon.
Time for phase separation is preferably al m8st imediately such as within
one m nute. However separating ti-mes can be | onger such as up to one or

three hours WIthoacdrsgﬁvangﬁsftoéixhéS§e£I6&L&kw%uéﬁ%£ezelwtu@én _
tenperature may |ncB§ase the rate of separation. i s understood t at it

is within the sc5BBNGs tPHRe| MOER: FHFe ol Yoty 9&&69“4qu?qqﬁ3§ﬁ
conposition in tbhaﬁ;rsbrSéﬁmpDey\Mﬂheﬂilﬁl Cd s 1§ eS| tcarenﬂn,ppl i ed

to the substrate r or a S ste The, surf.ace

cont am nant partF§§|§§$§ ]?? ??t% 'ﬂ%/j("i*or}é %&s"é%i%tﬁ i& caé:nﬁrr zﬁfe nzfr%:d
collect in tie ctgraatey tban %bsbrluaigﬁb aﬂoadtbmpedmpuné eHn25i8.nants to
unacceptabl e | evels axﬂOﬁﬁéoeleénme e&ggm&gi&&%'f hga&éaﬂrﬁ&{mved

and enV|ronnentaIIX di sposed, ning. |In steady te operation
of a cl eani ng pr&et¥ent ﬁé}-%lbﬁ B¥e¥%t cir i Predominant |ae¥f9‘1¥ﬁ:n afe thecycl ed

for use with ot hB&siHbéfr@ﬁéshy&P&‘@é/ﬂBan'éol'ﬁezﬂﬁ)t ERSSAler faiid tcmasic .
cl eani ng conp05|t|on to but for econom c reasons such _recycling

C
is preferred. Fﬁrcon%rﬁ‘éft%bl? heoReeatF iR R dite Hrsds 9% sary
for ri nse waiger thrée compohént$ois ube am @&eidterof |5 P5% by weight

of hydrocarbon solvent. A preferred range is 70 to 90%
with a more preferred range of 80 to 90%. The
emulsifier can be ptesent in a relatively low_ambunt
such as a range of 1 to 25% with a preferred and a more
15 preferred range of 3 to 15% and 5 to 12%. The dibasic
'~ ester is likewise present in a relatively minor amount
such as in a range of 1 to 25%. Preferred and more
preferred ranges are 1 to 15% and 1 to 8%.
An optional component in the cleaning composition
20 is a rust inhibitor. - 0il or grease on a ferrous
cqntaining surface such as mild steel surface protects
the substrate from corrosion and it is removed in a
cleaning step. However a freshly cleaned steel surface
in contact with water will rust rapidly and a water
25 'rinse step provides ideal conditions for flash rusting.
The problem has been less severe in the prior art since
. many cleaners arxe alkaline. Although rust inhibitors
(also called preventatives) can be added to rinse water,
inclusion of a rust inhibitor in the cleaning
30 . composition itself is desirable.

Rust inhibitors function by leaving a protective
film on the surface of a metal. While oily and dry-film
inhibitors are useful, an oil film is effective in
preventing rust but canlbe undesirable on many finished

35 products or parts that will subsequently be coated,
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step after its phase separation fromthe cleaning conposition. Therefore a
cl osed | oop nay  be enpl oyed wherein rinse water is contlnuously separ at ed
firom t he .cl eani ng conposition and conti nuously reused in a rinsing step.

In the present invention one or nore |iquid hydrocarbon solvents are used
i'n the cleaning conposition. The type of hydrocarbon conmponent useful in
the invention nay be selected fromthe bro class of aliphatic and
aromatic solvents. The hydrocarbon solvent has an ability to be present as
a residue on the;mzre‘caceazofweuhledsubebmaba diryciiidmdinhibibaranwhieh are

renoval . Preferr 0 0 u
Lbove 37. 7l or ] CRERT SR 4RO FBE BlBeTR1EY® %ng??§§asiﬁ thespreaent
nor e preferablyiﬂyﬁn;ﬂma:ﬂimmﬁ]@hGXOGPGrFPFFePtag €Ié§eﬁ eup ﬁﬁFhH FeZo
hydr ocar bon 5028%2??51?‘9#? S Bk aﬁeot’““h |
sh.p eriy t

such as nine?al PR &WFH&?-d%ﬂdrHPGngPS&Eggé&8|?§ Qnglggggi?r;ﬁ?as '
;ﬁ&liéﬁlofdsuﬂm5u¥facé%uunﬂheséipﬁmﬁhessamerExnenelbpenafgr gkel in" Sol'trol "

and "Hi spl vents | referr I
solvents is ali d??iiqrc ug ks, A8 § 5o ﬁ'ée@ it i g'g‘eg ?§§ g%egﬁgggggg?ggﬁ is

excluded. - | riraxhiltihe)rc]te:aﬂﬂug tepmp@(sdrtli@n tol mnvighe n:bessie§é§ed
= ggle“nfl, f : .er | S esurﬁocygjtar# lsen® 'o% @ab@ri onic surface active

. unct| ns to facilitate the emnul sification
of the hydrd@arbon sdtmmampiet ief wax dnhdbisiorg ist ap. a‘PI#BeeHﬁP§FP|1éFea

fgfﬁg?l f)ﬁ (r;?ve e(OuUeh SHBESHAvE Rt RAKSLad ) @Mky@phbaphagewi t Aout

preferred inhibitor is the salt of an alkyl primary
amine, where the alkyl group is a tertiary alkyl group
containing 14 to 16 carbon atoms,_with mixed mono- and

15 di-isooctyl phosphates; An illustrative amine is
available from Rhom and Haas under the name "Primene"
81-R. Other examples are (a) salts of 2-ethylhexylamine
with alkyl phosphates and (b) salts of various
alkylamines with butyl phosphate, trldecyl phosphate, 2—

20 ethylhexyl phosphate, phenyl phosphate, and octylphenyl

' phosphate. '

To'illustrate_the'present invention the following
examples are provided. All parts and percentages are by
weight unless otherwise indicated. '

25 Example 1

A steel ball bearing was packed with 1.10 grams of
Shell Alvania Grease No. 2, a high-fiiler universal
grease of No. 2 consistency. The ball bearing used was
1-1/2 inches in outside diameter and contained a total

30 of 22 balls, 3/16 inch in diameter in two races. The
beariné was suspended for 15 minutes in 600 ml of a
roomQtemperAture paraffinic/haphthenic hydrocarbon
solvent stirred by an agitator turning at 450 rpm in a
1000<ml beaker. The hydrocarbon solvent was identified

35 as follows: o | :
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a stable enulsion. This feature is inportant since one of the primary
advant ages of the cleaning conposition is its ability to separate into a
second | ayer on the surface of the rinse water, taking with it the

contam nants renoved fromthe cleaned articles. This sinplifies recycle of
the water The surfactants are nonionic al cohol ethoxylates, where the

al cohol is primary or secondary and has fra@ 8 to 20 carbon units in the
chai n. which can be linear or branched, and where the average nunber of .

et hoxyl ate groups is fromg 4 én dghe presenjq Pﬂxggtion a di basic

fidg ®
ester or conbination of di é%lc:%ster sol vents is enploye Di'basic ester

is enployed in its nornal @paesktiom.amt. fcl udes typical dial kyl esters of
di carboxylic acids (dibasic Igﬁafgﬁgﬂyga of under goi nggeeacti ons of the
ester group, such as hydrolwgébgygkgﬁxgwuflcatlon Convegmtionally at | ow
~and hi gh pH s$hey can be hydrplpaaetksing heir correspondi ng2al cohol s and

di basic acids or acid salts.af¥meftetgeed di basi c ester ovgents are: dinethyl
adi pate, dinmethyl gluterate and di nethyl succinate and m xtures thereof.

O her esters with | onger dhkesh Bddrlt,gragys derived frokbal cohols, such as:
et hyl, propyl, isopropyl, lnﬂ;¢sedmbumwlﬁhnd m xtures thereof |nclud|ng '

nethyl can pg erp xeci:lé%l h h%c'b% 'h %sOfdrEQES eEEﬁEEaﬁE”wQEg

derived fron1othe ower &ghlg er | ar wei ght Soba5|c acl ds
oxal i c, mal onic, 4n4n¥4QFUMHHX§ﬂ(?tz%§ﬁ §zeI5Pcaa§FE§r§ﬁ§ ﬁ#R?Ei@gthereof

i ncl uding the prteﬁeervf@ld;rph ha¥st aCitthe gHease andnet has eshRBSteaBebe
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weight of the bearing 1ndieated that 56.4 percent of the
15 grease had been removed.

The experiment was repeated using a second
identical bearing packed with 1.10 gfams of the same
grease suspended in 600 ml of the same'hydrocarbon
containing 10 weight percent of a non-ionic surfactant

20 designated Merpol®SE. The bearing was then suspended
for two minutes in a 2000~ml beaker containing iOOO ml
of distilled water maintained at 50°C and stirred by an
agitator turning at 450 rpm.. After drying te constant -
weight, 68.2 percent of the grease was found to have

25 been removed. _ |

A third identical packed bearing was cleaned us;ng
the same procedure in 600 ml of hydrocarbon containing
9.5 weight percent of a non-ionic surfactant de51gnated
Tergitol 15-S-3 plus 5.0 weight percent of the mixed di-

30 isobutyl esters of succinlc, glutaric, and adipic acids.
After a two-minute water rinse at 50°C, the weight of
the dried bearing indicated that 81.8 percent of the
initial grease had been removed.

. A heavy grease was removed from a ball bearing
35 faster when 'cleaned with a high-flash~point hydrocarbon

containing Merpol®SE and rinsed with water than by
cleaning with either the hydrocarbon or water alone.
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-3-- are not classified as flammable liquids (Flash Point at or above
37.7[err]C (100[err]F) by Tag C osed Cup nethod and nore preferably

~ above-60[.err]C (140[err]F)). Al t hough the above class of dibasic esters
provj des operability i'n contam nant renoval, it is highly preferable that

10
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Cleaning was further improved by use of "Tergitol" 15-S-
3 instead of Merpol®SE and addition of di-isobutyl DBE.
Example 2

A small metal assembly was prepared by hand
tightening three nuts, separated by three washers, on a
1/4" x 2" bolt. The assembly was dipped for 15 seconds
in Rust Lick "Cutzol" 711 cutting oil and allowed to
drain for 15 seconds. The assembly was then suspended
for one minute in 600 ml of a room~-temperature
paraffinic/naphthenic hydrocarbon solvent having a flash
point of 159°F (identified in Example 1) stirred by an
agitator turning at 450 rpm in a 1000-ml beaker. After
cleaning, the assembly was found to be coated with the
high-boiling hydrocarbon solvent. The cutting oil
remaining on the assembly was extracted by immersion in
75.0 ml of 1,1, 2-trichloro-1 2, 2-trifluoroethane for
about an hour. A second extract was prepared by
extracting an assembly that had been dipped in o0il but
not cleaning. A blank was prepared by extracting a
clean assembly that had been subjected to the same
cleaning agent and procedure. The percent oil remaining
on the cleaned beéring was calculated by comparing the
absorbahce, measured at 232 nm, of the extract_from'the
cleaned bearing versus the absorbance of the extract
from the uncleaned bearing. The absorbance of the blank
was found to be insignificant. The ratio of the
absorbances indicated that the cleaning procedure
removed 98.4 percent of the oil.

The experiment was repeated using a second

‘identical assembly dipped in the same oil suspended in

600 ml of the same hydrocarbon containing 9.5% of a. non-
ionic surfactant designated Tergitol 15-5-3 plus 5.0
weight percent of the mixed di-isobutyl esters of
succinic, glutaric, and adipic acids. The bearing was
then suspended in a 2000~ml beaker conﬁaining 1000 ml of

heet Has Been Replaced 11
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the di basic ester conprises di-isobutyl dibasic ester. Such ester has been
found to be particularly effective in allow ng phase separation to occur in
a‘*short tine period and such ester has been found to be nore effective for
oil and grease renoval than, for exanple, dinethyl dibasic ester. Cenerally
the dibasic ester will have a solubility in wat er of not greater than 2% by
wei ght at a tenperature of 25[err]C r# he cl eani ng conposition the

| i qui d hydrocarbon solvent will be present a predom nant anount on the
basi s of the hydrocarbon solvent, enulsifier and dibasic ester. A suitable
concent rati on ondiﬂ'eibh@dswaﬁet Mtammﬁﬂ%m stdrinedabpya@ount of

51 to 95% by wei Y I Jo 90%
with a nore prefe re ?gng&e o%igo to%%%%e t"F%Iet?l%cejrzrlgira%li es'spr dent in
a rel atively | ovkiemassenkin vas Loundtarbe q%sezmawltm tres exferthed and a-
nore preferred r@légndhg adéntl5%wsithe ik Jé’a&’ﬁe E]&z@dﬁ%rp t%%ttﬁ{i tﬁe, no

| i kewi se pregent .inh a re ati vel m noy anmoun ran t.o
25% Pr eferrgd B FOFAPLT FrY r%t’r?gé'éa%r% r‘ﬁ' 8% © An

optional conponeagsemblype cl eaning conposi.tion |s a rust |nh|b|tor Ql or

grease on a ferrous a urface s el surf. otects

the substrate from coﬁ% +’5¢1g’gjﬁ§erftt as %ﬁﬁr}\f@d"ﬁ?pea e‘# a4 as%g{é’:p wever

a freshly cl eaneideneitak assenbly dippedttimitte veame QMMIsuapandQQMﬂﬂ'y and

e e T nse SLEROPRPYOED AR e G ddhd e WA G P! e
i i

has been | ess severe In the lor art 5| eaners are aI e
Although rudf i e eoprtaining 9.5% of a non-ionic surfactant designated

Tergitol 15-S-3 and 5.0 weight percent of the mixed di-~
isobutyl esters of succinic, glutaric, and adipic acids.-
The hydrocarbon solvent was identified as follows:

Boiling Range, °F 421-578
15
Composition, wt.%
Cycloparaffins 55
Isoparaffins : 37
n-Paraffins ' 8
20 Aromatics 0.250
 Flash Point, Tag . 201

Closed Cup, °F

25 After cleaning in the hydrocarbon mixture, the bearing
was suspended in a 2000-ml beaker containing 1000 ml of
distilled water maintained at 50°C and stirred by an "
agitator turning at 450 rpm. After the rinsing step, “.
the assembly was found to be essentially free of the

30 cleaning agent. Using the same extraction technique,
the cleaning procedure was found to have removed 99.8
percent of the oil. .

Therefore it is concluded when.a high-flash-point
hydrocarbon is used to remove cutting oil from a small

35 metal assembly, aniuhdesirable residue of non-volatile
hydrocarbon remains on the cleaned parts. Addition of
"Tergitol" 15-S-3 and di-isobutyl DBE to the hydrocarbon

This Sheet Has Been Rerlaced
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(al so cal |l ed preventatives) can be added to rinse water, inclusion of a
rust inhibitor in the cleaning conposition itself is desirable: Rust
ihhibitors function by |leaving a protective filmon the surface of a netal.
While gily and dry-filminhibitors are useful, an oil filmis effective in
preventing rust but can be undesirable on many finished products or parts
that will subsequently be coated, brazed, or, welded. Comon dry-film

i nhi bitors which are water soluble are not1&Enera[Iy preferred in the
present invention since they can concentrate in the rinse water.

Al kyl am ne sal t ;arai &k ydseplofs phataterardnsel avolidsl ehendesddoeaaddy rust

inhibiting filmyn.: rf These products were devel oped for use in
‘nmotor fuel's and %’B’e{%% é’?ﬁeﬁgﬁg)}'n&y be incorporated into the cleaning

com position to provide the desired rpﬁxﬂpﬁbﬁpétion in the presence of
Eﬁggghate ofnaﬁﬁirgLﬁﬁ%ﬁhﬁﬁvFgﬁggLﬁg?g#&i%agge e??gguﬁﬁﬁkgfsgrngirhe.salt
of an al kyl PrifiFkminrEe \qlr FHoMe 2asdpoler Bdddi steedePLakry aFRER group
cont ai ni ng. 14 t cofporii vy pldghedwilthrakedsive)- rabbedi withoat glean
phosphates, A1 Lol UGBl B BBl S LeAT 00 a0 Lagsupder (e
al kyl phosphat edl ,zh@-(t)i Kaidroethana,i and atbyedninca deshcbatpk phbiphat e,
tridecyl phOSphq;e%dyZ-fgy)stge‘Xw phosphat e, phenyl phosphate, and oc.tyl -
10 The following cleaning agent formulations were
prepared: (A) 9.5% Tergitol 15-S-3, 5.0% mixed di-
isobutyl esters of succinic, glutaric, and adipic_acids,'
and 85.5% paraffinic/naphthenic hydrocarbon of flash
point 159°F; and (B) 9.5% Tergitol 15-S-3, 5.0% mixed
15 di-isobutyl esters of succinic, glutaric, and adipic
acids, and 85.5% paraffinic/naphthenic hydrocarbon of
flash point 201°F. The hydrocarbons are identified in
Examples 1 and 2. '
' In each test, one of the prepared coupons was
20 removed from the desiccator and suspended for one minute
in 500 ml of cleaning agent maintained at 50°C in a
1000-ml agitated beaker. To simulate a water rinse
step, the coupon was then suspended for five minutes in
a second 1000-ml agitated beaker containing'soo ml of an
25 emulsion maintained at 50°C which had been prepared by
adding 50 ml of cleaning agent to 450 ml of distilled
water. The coupon was then allowed to dry in the air
and observed for rusting. _
The following were evaluated as rust preventative
30. additives to the cleaning agent formulations: (I) 2-
 ethylhexylamine salt of tridecylphosphate and (II)
"Primene" 81-R salt of isococtyl phosphate. "“Primene"
81-R is the commercial name for R-C(CH3)2-NH2 where

R=C312-Ci14.
35 The following results were obtained:
T




phenyl phosphat e. . To illustrate the present invention the foll ow ng
exanpl es are provided. Al parts and percentages are by wei ght unless
otherwi se_indicated. Exanple 1 - A steel ball bearing was packed wth
1.10 grams of Shell Aivania Grease No. 2, a high-filler universal grease of
No. 2 consistency. The ball bearing used was 2.54-1.27 cm (1-1/2 inches) in
out si de diameter and contained a total of 234%palls, 0.476 cm (3/16 inch)
dianeter in two races. The bearing was suspended for 15 minutes in 600 m

of a roon}tenper@ggg@u@@rafflnlc/naphthenlc hydr ocar bon sol vent stirred by
an agitator turning at 450 rpmin a %prtf1 beaker. The hydrocarbon sol vent

was identified add BTIoms Boi | i ng Range,
[err]C ([err]F) Formuld34. 4-227. 2 (40(12—04|ééx)tration,
tion  additive Height %  Qbservations of Rusting
5 | | | _
A None - 25% rust after emulsion rinse
A I 1.0 " Slight trace rust after
emulsioh rinse
A I : . 3.0 Very slight trace rust after
10 emulsion rinse _
A 1x 1.0 No rust after emulsion rinse
a -II ' 3.0 No rust after emulsion rinse
15 B 1T 1.0  No rust after emulsion rinse

No rust after 10 hours

Therefore it is concluded that addition of
alkylamine salts of alkyl phosphates to the semi~aqueous
20 formulation prevents flash rusting of steel during water
rising. These compounds are rust inhibitors.
-Example 4
The time required for a stagnant cleaning agéﬁt-in—
water emulsion to separate into a solvent-rich and a
25 water-rich layer was measured by recording the position
of the interface between the two layeré as the emulsion
was allowed to settle. Emulsions were prépared by
adding 90 ml of distilled water and 10 ml of cleaning
agent to a 4-oz capacity bottle and immersing the bottle
30 in a constant-temperature bath. After reaching thermal
equilibrium, the bottle was withdrawn from the bath and
' shaken vigorously for one minute. The contents were
immediately poured into a 100-ml graduated cylinder
which had been pre-heated in the constant-temperature
35 bath. The cylinder was returned to the bath and the

14 . This Sheet Has Been RTilaced




Conposition, w. % ' Cycl opar af fi ns

69 o | soparaffins

n- Paraffins _ - -2

Aromafi cs : 0.008 .

Fl ash Point, Tag % (159) '
Cl.osed Cup. [err]C ([err]F) After cleanln the bearing was dried to-

constant weight in a vacuum oven at 130[err]C In a separate experinment,
t he position of the interface recorded versus time. The

time for complete settling was taken as the time
required for the interface position to become steady as
determined from a graph of its location versus time.

'S5 The settling time for a cleaning agent consisting
of 90 weight percent paraffinic/naphthenic hydrocarbon’
with a flash point of 159°F (identified in Example 1)
and 10.0 weight percent Tergitol 15-S-3 was found to be
a function of temperature. At about 25°C, the interface

10 position was still changing after 8 hours. At 40°C,

' 60°C, and 70°C, the times for complete settling were 3.5
hours, 1.5 hours, and 1.0'respectively. At a '
temperature of 60°C, various additives were found to
effect settling rate. In these experiménts, the

15 formulation was modified by replacing. some of the _
hydrocarbon with the additives while keeping the
concentration of Tergitol 15-S-3 constant. Addition of
4.5 weight percent of the mixed di-isobutyl esters of
sucéinic, glutaric, and adipic aci@s was found to reduce

20 settling time from 1.5 hour to 15 minutes. Addition of

9.0 weight percent of the mixed dimethyl esters of the
same acids reduced settling time to only about 50
minutes. Addition of 4.5 weight percent of either the
acetate of Cg or of Cyo Oxo alcohol did not reduce

25 settling time beiow_the'l.s hours measured for the
hydrocarbon and Tergitol 15-S-3 alone.

The additives tested as corrosion inhibitors in
Example 3 were also found to affect settling rate. The
formulation consisting of 9.5 weight petcent Tergitol

30 15-8-3, 5.0 weight percent of the mixed di-iscbutyl
esters of succinic, glﬁtaric, and adipic acids, and 85.5
weight percent of the_paraffinic/naphthenic hydrocarbon
having a flash point 159°F had a settling time of 15
minutes at 60°C. Addition of 1.0 weight percent of

35 Additive I increased settling time to 1.0 hour while
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-4- weight loss of the grease alone was found to be insignificant under
these drying conditions. The final weight of the bearing Indicated that
56. 4 percent of the grease had been renoved. The experinent was
repeated ‘using a second Identical bearing packed with 1.10 grans-of the.
same ‘grease sus- pended in 600 M of the same hydrocarbon containing 10
wei ght percent of a non-ionic surfactant . dé%ﬁgnaled Mer- pol[err]SE. The
bearing was then suspended for two minutes in a 2000-m beaker contai ning

1000 m of distiAd@fe 36 €5f 1.0 weight percent of Additive II reduced
| | settling time to less than one minute. When the
formulation was changed by substituting a
paréffinic/naphthenic hydrocarbon having a flash point
5 of 201°F (identified in Example 2), addition of 1.0
' weight percent of Additive II also reduced the settling
time from 15 minutes to less than one minute at 60°C.
Therefore the Separation of emulsions formed when
water rinsing semi-aqueous formulations containing
10 "Tergitol" 15-S-3 is faster at higher temperatures.
Separation is also improved by the addition of di-
isobutyl DBE. Two other esters, acetates of Cg and Cig
primary alcohols, were operative in cleaning and in
_ phase separation but they performed substantially less
15 effeétively than the addition of isobutyl dibasic ester.
Additive II rust inhibitor was found to improve
separation, but Additive I alkylamino alkylphosphate
inhibitor was found to result in slower separation.

Sheet Has Been Replaced
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mai ntai ned at 50[err]C and stirred by an agitator turning at 450 rpm After
drying to constant weight, 68.2 percent of the grease was found to have
bheen renoved. A third identical packed bearing wastg §R8¢ds bsh RebldbE
sanme procedure in 600 m of hydrocarbon containing 9.5 of a
non-ionic surfactant designated Tergitol 15-S-3 plus 5..\(13!“ ﬂmﬂmﬂ t of
the mixed di-isobutyl esters of succinic, gwtaric, and Af ter
a two-mnute water rinse at 50[err]C t he wei ght of the dried bearing '
i.ndicated that 8,8 Pes t{se, initial grease had been renoved. A
heavy g¢grease was reane ron1a | bearing faster when cleaned with a

hi gh-f1 ash- poi nt hydr dear By rPEReess fon RENBHAS [CONtROEDRALES, £TO8Y 3 t h

water than by claanRfde Wi M eldditirdtee donpraednorner seeper ogl:one. O eaning
was further. i mproved by use of “"Tergitol" 15-S-35 instead .of. Nbrpog[err]SE

and addi ti on of di-isobutyf@DBEPP |3 oleaning, CORRASITICH Q& nbly was
prepared by bandsiifdderdofnca tiiwst radbstrategr at ed by three washers, on a

R T

water to remove the cleaning composition,
(c) collecting a combination of the
contaminates, cleaning composition and rinse water and
10 allowing the cleaning composition which contains

contaminates to separate from the water,

(d) recycling at least a portion of the water
from step (¢) in a rinsing step onto a second substrate
on which cleaning composition has been applied,

15 whereby the cleaning composition comprises a liquid
hydrocarbon solvent having a flash point above 100°F, an
emulsifier for the solvent and dibasic ester wherein the
cleaning composition is predominantly liquid hydrocarbon |
solvent on the basis of solvent, emulsifier and dibasic

20 ester and wherein the cleaning composition has an
ability to phase separate when mixed with water.

2. The process of claim 1 wherein terpene is
excluded from the definition of liqﬁid hydrocarbon
solvent. _ _

25 3. The process of claim 2 wherein the liquid
hydrocarbon solvent is aliphatic. -

4. The process of claim 1 wherein the dibasic
ester comprises di-isobutyl dibasic ester.

5. The process of claim 3 wherein the dibasic

30 ester comprises di-isobutyl dibasic ester.

6. The process of claim 1 wherein water is
substantially absent from the cleaning composition in
step (a). ' | '

7. The process of claim'l wherein water is

35 present with the cleahing composition in step (a).

17
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to drain for 15 seconds. The assenbly was then suspended for one mnute in
600 nl of a roomtenperature paraffinic/ naphthenic hyTTrocar bon sol vent

lhaving a flash point of 70.6[err]C (159 F) (|dent|f|ed

stirred by an agitator turning at 450 rpmin a 1000-m &ﬂH{e laced
cl eani vig, the assenbly was found to be coated with the h ml II
hydrocarbon sol vent. The cutting oil remaining on the as

extracted by imersion in 75.0 nl of 1,1,2-18ichloro- 1,2, 2- trlfluoroethane
for about an hour. A second extract was prepared by extracting an assenbly
that had been dipped ig, oi &hguﬁrggésglggnémmﬁg Bhed ke VR St H Etf.tﬁiﬁjhjhyion

extracting a cl ean assenbly t hat had been.s ecte ni ng
agent and procedtPRtaipR b veightyqn r"v;J"FFrsl|br?ﬁ1ilgs &F Sﬁg ‘QZ‘H %ggb)oﬁg was
cal cul ated by cogppvemy, tdtubdbpidnrmel ditmmircedsttex232 nm of the extract
fromthe cl eaned bearing ver or t -
uncl eaned bearing. The absorzgi %P%‘ff$shey%a@& ﬂ%n 4&‘%&; %-LGJHCHH .
insignificants. The ratio of the aﬁsﬁn@an@bst¢r&ﬁ%,cated that the cl eaning

procedure renmoved 98.4 percqg_g_,oém%fgiﬂér in aJ%&&&R?rdfTBEBoM depeat ed
using a second identical assenbl I pped I1n the sane oil suspended in 600

m of the sane hydrocarbon conta ﬁ%hg 9.5% of a non-ionic surfactant

desi gnated Tergi tol 15-S 3 (2hyy @1Badeé bt eI n aindue: s etkak i sabut y|
esters of succinic, glutaric, %gdl pi c acids. The bearing was then

suspended in a 2000-m beaker tning 1000 m of distilled water
mai nt ai ned " ato 50[err]C9andTaE|prodeb; ef epaimt brwhereimg at 450 rpm After

the rinsing (1) is present in an amount of from 80 to
90%;
(ii) is present in an amount'df_from 5 to
' 12%; |
15 : (iii) is present in an amount of from 1 to 8%.
| 10. The process of claim 6 wherein the dibasic
ester comprises di-isobutyl dibasic ester.

11. The process of claim 1 wherein the substrate

is metal. .
20 - 12, The process of claim 11 wherein the
contaminant is oil or grease. '
13. The process of claim 1 wherein the substrate
is ferrous and the cleaning composition contains a rust

inhibitor. _

25 14. The process of claim 1 wherein at least a
portion of the cleaning composition after step (c) is
incinerated. '

15. A cleaning composition which has an ability to
form a separate phase in the presence of water
30 containing by weight on the basis of components (i),
© (i4) and (iii):
' (1) a liquid hydrocarbon solvent with a
flash point above 100°F in an amount of
from 51 to 95%;

8 _
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step,” the assenbly was found to be essentially free of the cleaning agent.
Usi ng the sane extraction techni que, no detectable cutting oil was found on
the cl eaned assenbly. The experinent was again repﬁﬂsmﬁumsB lmhﬂrd
i dentical ~assenbly di pped in the sane oil suspended in
paraffinic/naphtheni.c hydrocarbon sol vent and contalm

non-ionic surfactant designated Tergitol 154% 3 an percent of

the m xed d-isobutyl esters of succinic, glutaric,. and adeIC acids. The
hydrocar bon sol vent was |den£%ifed as

l, | : .
Boi |ing Range, [err]C ([err] SBpa31r183 fof pheshiguid hydrocarbon

Cbnp05|t|on w. % solvent in an amountGpfl fpamalftos25%;
55 (ii1) a dkﬁggieaégteé in an amount of from 137
n- Par af fi ns _ - . _ _
. to 25%.
| 5 16. The composition of claim 15 wherein .
(1) is present in an amount of from 80 to
90%;
(ii) is pfesent in an amount of from 5 to
12%; S
10 ' (iii) is present in an amount of from 1 to 8%.

17. The composition of claim 15 wherein terpene is
excluded from the definition of liquid hydrocarbon
solvent.

18. The composition of claim 15 whereln the - liquid

15 hydrocarbon solvent is aliphatic.

19. The composition of claim 15 wherein the
dibasic ester comprises di-isobutyl dibasic ester.

20. The composition of claim 15 which contains a
rust inhibitor. |

20
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Aromati cs . ' 0250
Fl ash Point, Tag ' . +-98.:8.(201) -
&l osed Cup, [err]C ([err]F) ﬁﬁter cleanlng in the hydrocarbon mixture, the
beari ng was suspended in a 2000-m beaker containing 1000 ml of distilled
water maintained at 50[err]C and stirred by an agitator turning at 450 rpm
After the rinsing step, the assenbly was f@gd to be essentially free of
t he cleaning agent. Using the same extraction technique, the cleaning
procedure was found to have removed 99. 8 percent of the oil. pgE_g271 .
This is the replacenent sheet

IITLE

ENVIRONMENTALLY SAFE CLEANING PROCESS AND
CLEANING COMPOSITI_ON USEFUL THEREIN
5 ABSTRACT OF THE INVENTION
A substrate cleaning process employs a
substantially aqueous immiscible cleaning composition
and a water rinse foliowed'by phase separation of the
cleaning composition and water and reuse of the water.
10 '
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ENVIRONMENTALLY SAFE CLEANING is—ROCENS"S‘n"AND
CLEANING COMPOSITION USEFUL THEREIN

Qescriptian
ENVIRONMENTALLY SAFE CLEANING PRQCESS

The prasant invention raiatas (o an anviranmantally sale’ cleaning procass lor.ramaval of cantaminants fram a
substrate surfaca which emplays a watar rinsa wharaby Ihe watar is rausad.

A numaaer af patents ara diractad o ramaval of contaminants fram spacific substrate surfacas.

Qaean U.S, Patant 2,671,524 disclasas a cleanar suitablae lor cleaning hands and difficulty ramavable qbjecticnatle

- matadal such as madam catalyzed auta gaint, fast drying printars ink By usa of 3 muiticampanent comgpasiticn can-
taining 25-85% by waight at a dibasic astar admixtura of dimathyl succinate, dimethyi glutarats and dimatityl adipatae,
§-25% by weight dipropylene giycal mathy! ather, 5-25% by waeight odarless mineral spirits, 4-3% By waight trieth-
anclamine, 5-15% by waight octyiphenaxypatyethaxysthanol, 1-3% ay waight nonyt ghenot ethoxylata and 3-18% By
waight tail cil fatty acid,

Jacksan U.S. Patent 4,780.23S disclasas a low toxicity paint ramaver compasition containing C, 1 C, dialkyl astars
at C, o Cq aliphatic dibasic acid, an activator, 2 thickanar, 2 swtactant and at laast one ofter argartic nanhakigen-
containing scivent,

Hayes at al. U.S. Patent 4,640,719 discloses use of tarpens compounds in cleaning printad writing boards. This
patent discloses cleaning of residual fux and particularty rosin saider flux and achesive tape residuss emplaying tec-
pene compauncs such as ginenae including its alpha and beta isamer gamma tarpinena, deita-3-carsna, limonena and
dipentana with limonene and dipentenae pratasred. Qipentana is the racamic mixture of the fmonene optically active
isomers. This patent further discicsas that these terpene compaounds are almost complataly inscluble in water and
cannat ba directly lushed away by watae. Therafare in a preferad smiodiment lemena comgounds are combined with
one or mars emuisitying surtactants capable of emuisifying temenes with watar to facilitate hair cemaval

Qishart at al. U.S.-Patent 4,367,300 disciosas cleaning of printed circuit boardt substratas with a combination of 2
dibasic astar and tarpena,

Futch et al U.S. Patent 4,934,391 disclosas ramcval of msin scider fux or rasist rasicues empicying a cibasic
estar and an emulsitying surfactant. In a distinct ambcciment, a combination of tarpenes and dibasic astars ara cis-
closed, .

EP-A-Q 412 47 disclcsas cleaning of ftux rasicue by a compasition camarising dibasic estec hydrecarton soivent

and surfactant, It was published aiter the gricrity date of the present inventicn,

With the advent of tightened rastrictions on the usa of CFCs and chicracarhon solvents, metal fabricators and
other manufacturars are faced with a choica among many options far satistying their cleaning requirements. These
inciude flammabie aicohals, high-lash-gaint solvents, semi-aquecus cleaners based on tarpenes or terpenesidibasic
estars, and aquecus claanaers, Alcchcls claan weil but are flammabla, mgh-aa.sh-pem scivents leave rasiduas which
ara siow drying, tamenes have undasirably low flash paints and cbjectionabla odars, dibasic esters are 2 pocr scivent
far ails and greasas, and aquecus cleanars ars inatfective for removing heavy oils and greases from tight clearancas.
les addition aquecus and semi-aquecus cleaners pose waste dispasal probiems uniass the soils ramovad can be ef-
factively separatad from the wasta water,

" A need exists far a semi-aquecus cleaner which is effective (ar contasminant removal such as qil and greaso
biodegradabie, low in taxicity, readily separates from rinse watar, has a mild odar and high flash point, _

The prasent invention is diractad to a procass for ramaving cantaminants from a surface of 2 substrate comprising
the staps of.

(a) applying 2 cleaning compeasition to a surtacs of 2 fiest substrate,

(b) rinsing the surface of the substrate with water to remove contaminants and the cleaning compasition,

(c) collecting a combination of the contaminants, cleaning compasition and rinse water and allowing the cleaning
camgasition and contaminants ta separate from the watar,

(2} racycling at feast a partian of the water from step (c) in a Ainsing steap onto a second substrate on which cleaning
camposition has baen apgiled,

wharaby the cleaning compasition comprises (f) a liquid hydrocaraon saivent having aﬂash paint abave 37.7°C
(100°F), (ii} an amuisifiar for the hydracadon saivent and (If) a dibasic estar wherein the cleaning compasition is
pradominantly liquid hydrocarton salvent an tha basis af soivent, smuisifiac and dibasic ester and whomm the cleaning
Compasition has an ability to phase separate whan mixed with water.

A kay leaturs of the present invanticn is an ability to undertake a cleaning process in an environmentally safe
manner. The prasent procass allows application of a cleaning compaaition (o a surfacs of a substrate follawed by an
aqueays rinse [ ramovse a combination of contaminants and the cteaning compasition, The present invention is con-
sidered to ovarcoma deficiancies of prcr art procnsscs wmroin - problams are gresented in disgasal of a cleaning
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Exanple 3 | Test coupons, approximately 5.08 cmx 2.54-0.635 cm x 0.08
_cm(2' 'x 1-1/4[err] x 1/32[err]) thick, were cut froma single mld steel
"plate. Each coupon was polished with abrasive, ]
renove netal fines, rinsed in 1,1,2-trichloro-1,2,2-trifluoroethane, and

stored in a desiccator until ready for use. The f ol Toyshe HahBan aced
agent fornul ations were prepared (A 9.5%Tergitol 15- S—

di -isobutyl esters of succinic, glutari ¢, “and adi pic aC|

par af fi ni ¢/ napht heni ¢ hydr ocar bon of flash point 70.6 C (

(B) 9.5% Tergitol 15-S-3, 5.0% ni xed di -isobutyl esters of sucm n|c
glutaric, and adipic acids, and 85.5% paraffinic/ naphthenic hydrocar bon of
fl ash point 9@"9[!‘!9(# "@" %1#1 The hydrocar bons are identified in Exanples
1 and 2. "'a'“ (?g ua’é“ “?’é?fbﬂ‘é‘d"‘f‘\"% Al

. i an H floys, and mckel
desi ccat or an ?}‘h§?£ 'j‘ﬁ ﬂ%'ﬁ@gg SF 3% ’%c'a? oé{é:am mvennon
mai ntai ned at, rotdls e @hnai.néﬂgfﬂ ﬁ@ésﬁﬁom -&rﬂv
ri nse step, tt %&W&n\g&ﬁraﬁ e &l five mnutes in a secon
1000-m agi t at ederitezradasts wadhateaanitvéudromn the sm:raafamamae gl irs g e. By andigrd ubtcating cils,
50[ err] C whi crheté arerabetuigs sutingadravdhglyy mactiidingqijs) Siteasds. tufingoF Bepig 9emAends pich,digh-m@iting
m of distill wemﬁmcwn@wmmm%en al | owed .to dr Y in the air and
observed for Fl ar@ sant invantion a kay aspact is the amployment of a specially formuiated cleaning compasition which is
@ arsubstantially insclubie in water so that ghase separation readily occurs. in a first step of the prasent procass
a daamng compasition is appiied o a substrate surtace, The mannaer of application of the cleaning compasition is not
critical and can invoiva, a.g., dipping of the substrate into the cleaning composition or spraying of the compasition. In
a dipping operation somae agitation of the cleaning bath is generally desirable such as by submcfgsd liquid jots, me-
chanical stirring or uitrasonic application.

Aftar the first step in which the cleaning compasition is agplled to a substrate sudaca a secand stap of a watar
rinse is empioyed. Thereaftar in a third step, a mixture of the cleaning composition, remaved contaminant and rinse
water ara coilacted in a container. The mixture is allowed ta stand whaerain phase segaration of the cleaning composition
and rinsa watar takes placa. Prafarably for safety considarations the hydrocarban fraction will be in droplets suspendad
in water as the continuous phase rather than water suspended in a hydrocarbon. Timae for phase separation is prefarably
almost immediately such as within one minute. Howaver separating tines can be longer such as up to one ar thrae
hours with 2 disadvantage of less throughput. Usa of elevated temparature may incraase the rate of saparation, It is
undarstood that it is within the scope of the invention to amploy watar with the cleaning compasition in the first stap in
which the cleaning composition is applied to the substrate surface prior 10 a rinsing step.

The surface contaminant particularty if it is hydrocarbon based will concentrats and collect in the clearmg come
positicn. To avoid buildup of contaminants to unacceptabie laveis a gorticn.of the cleaning composition shauld be
removaed and environmentally disposed, a.g., by buming. In-steady state oparation of a cleaning process a portion of
tha claaning comgasition can be racycledforusawnhomersuhstmu. Howaver, it tsnomecassaryfotmac!eanmg
compesition to be racycled but for acanomic reasons such racycling is prefared.

in contrast to the cleaning cormpasition, it is necessary for rinse water (10 be racycled for use in ancther cleaning
stap after its phase separation from the cleaning composition, Thersfore aclesed loop may be amployad wharein rinse
water is continuously separated from the cleaning composition and continucusly raused in a rinsing step.

In the present invention one or mora liquid hydrocarbon solvents are used in the cleaning compasition. The type
of hydrocarben component useful in the invention may be selected from the broad class of afiphatic and aromatic
solvents. The hydrocartson solvertt has an ability to be prasent as a residue on the surtace of the substrate which aids
in contaminant removal. Preferred hydrocarbon compounds or blends possas a flash paint above 37.7°C (100°F),
praferably above §0°C (140°F) and mora prafacably above 93.3°C (200°F) (Tag Closed Cup method) so that they ara

- ndt classified as flammabie liquids. Examples of such hydrocarbon componants are the high flash point petroieum
derived sclvents, such as mineral spirits, naphthas, and aromatics readily available from a variety of suppliers. Specific
examples are Exxon ‘Isopar. Shell ‘Soitrol* angt Ashland “Hi-Sol* sclvents. A highly prefarred class of hydiccarbon
saivents is aliphatic, According to the invention a terpens hydrocartion is exciuded, .

In acdition to the hydrocarben scivent at least one emulsifier is employed. A preferred emulsifier is a acnionic
surtace active agent, i.e., a surfactant which functions to facilitate the emuisification of the hyd(ocamon salvent in the
water rinsing step. The emulsifier is chosen to have encugh amuisifying power to promete rinsing without foamation ot
a stable emuision. This feature is important since one of the primary advantages of the cleaning compasition is its
ahility to separate ints a sacond layer on the surtace of the rinse water, taking with it the contaminants removed from
the cleanad articles. This simglifies recycle of the water. The surfactants arae nonionic aicohol athoxylates, whare the
alcohot ispﬁm:yoruoondatyandhasfromstomqamcnmilshthedaainwhhhcanboﬁnworbmwed. and
where the average number of sthoxylate groups isfrom 110 7.

in the prasant invention a dibasic aster or combination of dibasic aster solvants is amplayed. Dibasic ester is
employed in its narmal definition and includes typical dialky! asters of dicarbaxylic acids (dibasic acids) capable of
undergoing reactions of the ester group, such as hydrolysis and saponification. Conventionally at low and high pH they
can be hydrolyzed to their corrasponding alcahcls and dibasic acids or acid saita, Pratarrad dibasic astar soivents are:
dimethyl adipate, dimathy! gluterate and dlmelhyl succinate and mixtures tharsaf. Other astars with longer chain alky!
groups darived {rom alcohols, such as ethyl propyl, isopropyl, butyl and amyl and mixtures theraof including methyl
can be amployed. Also the acid portion of these asters can be darived from athar lowar and higher malacular waight
dibasic acids, such as oxalic, malonic, pimelic, suberic, and azelaic acids and mixtures therao! including the praferrad
dibasic acids. These and other astars can be employed provided they are soluble with the hydrocartion solvent and
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The foll ow ng were evaluated as rust preventative additives to the cleaning
agent formulations: (I) 2-ethyl hexy- lamne salt of tridecyl phosphate and
(I1) "Prinmene’ 81-R salt of isooctyl phosphate. "Prinmene 81 -R 1S the
comercial name for R-C(CH3)[err]-NH2 where R=Clerr]- C[efl‘B&SheetHasE&ﬁR

followi ng results were obtai ned: Cl eani ng Agent For nul at|i
Addi ti ve Concentration, Wight % Cbservgt ions of Rusting m " " I n

None 25%Tust after enul si

A I 1.0 Slight trace
rust after enul sion ' '
ri nse A I 3.0

Ver y s | g htaretnplé@emﬁmﬂargmb@ﬁlqmds {Flash Paint at or above 37. rc (100‘F) by Tag Closad Cup methad and mora

enul sion r |"F?é‘§”"’ abave 80°C (140°F)). 5

1.0 hougw above claaarz:ubastc 953(1c ngs r:Terammy in conlammant ramoval, it is ’élghly prelarable that
the dibasic es %&wl %s% Jlt%ﬁ\as baen found to ba particularty' affactive in allowin

'l phase saparation 1o accur iwa $hort time pariod and such a6} hisbadn (Guhd 18 be IR di1Sckia for bil RS Gease

B - ramoval than, kdr example, dimethy! dibasic ester. Generally the Blbasic ester will have a sobiglityriti@dteraf dcer

emul si on r igrester than 2% by waight at a tamparature of 25°C.

in the cleaning composition the liquid hydrocarbon sotvant will be prasent in a pradominant amount on the basis
of tha hydracarban solvent, emuilsifiar and dibasic ester. A suitabie concentration on the basis of these thrae compo-
nants is in an amount of 51 to 95% by waight of hydrocarbon sclvent. A prafarrad range is 70 10 90% with a more
praterrad rangae of 8Q to 30%. The emuilsifier can be presant in a relatively iow amount such as a range of 1 to 25%
with a preferred and a more prefarred range of 3 to 15% and S 10 12%. The dibasic ester is likewise prasent in a
relatively minor amount such as in a range of 1 to 25%. Praferred and mare preferred ranges are 1 to 15% and 1 to 8%.

An optional companent in the cleaning compasition is a rust inhibitor. Qil or grease on a ferrous containing surface
such as mild stee! surface protects the substrate from corrosion and it is removad in a cleaning step. However a frashiy
cleaned stesel surface in contact with watar will rust rapidly and a water rinsa step provides ideal conditions for flash
rusting. The problem has been less savara in the prior art since many cleaners are alkaline. Although rust inhibitors
{alsa called praventatives) can be added ta rinse water, inclusion of a rust inhibitor in the cleaning compasition itsatf
is desirable.

Rust inhibitors function by leaving a protective fllm on the surface of a metal. While cily and dryfilm inhibitors are
useful, an oil film is effective in praventing rust but can be undasirable on many finished products or parts that will
subsequently be coataed, brazed, or waided. Common dry-film inhibitors which are walter soiuble are not generally
pratarrad in the presant invention since they can concantrate in the rinse water.

Alkylamine salts of alkyl phosphates are cil soluble and form a dry rust inhibiting film on metal surfaces. These
preducts wera deveioped for use in motor fusls and are praferred. They may be incorporated into the cleamng com- .
position to provide the dasired rust protaction in the prasance of water.

An example of an inhibitor is an amine-neutraiized alkyl phosphate or alkylamino alkylphosphate, A pralerred
inhibitor is the sait of an alkyt primary amine, where the alkyl group is a tertiary atky! group containing 14 to 16 carbon
atoms, with mixed mono- and di-iscoctyl phasphates. An ilfustrative amine is available from Rhom and Haas under
the name ‘Primene® 81-A. Other axamples are (a) salts of 2-ethythexylamine with alkyl phosphates and (b) saits of
various alkylamines with butyl phosphats, tridecyl phosghate, 2-ethylhexy! phosphate, phenyl phosphate, and octyl-
phenyl phosphate.

. To illustrate the present invention the followmg examples are prevrded. All parts and parcentages are by weight
unless otharwiss indicated. :

Example 1

A stoel ball bearing was packed with 1.10 grams of Shell Alvania Grease No. 2, a high-filler universal graase of
Na. 2 consistency. The ball bearing usad was 2.54-1.27 cm (1-1/2 inches) in outside diameter and contained a total
of 22 balls, 0.476 cm (3/16 inch) in diameter in two races. The bearing was suspended for 15 minutes in S0 miof a
room-temparature paraffinic/naphthenic hydrocarhon solvent stirred by an agitator tuming at 450 pm in a 1000-mi
beakar. The hydrocarbon solvent was identified as follows:

Boiling Range, *C (°F) 204.4-227.2 (400-441)

Compaoaition, wt. %

Cycloparaffinsg . &9
isoparaffing - 29
n-Paraffing 2
Aromatics 0.008
Flash Point, Tag 70.6 (159)

Closed Cup, *C(°F)

After cleaning, the bearing was dried to constant weight in a vacuum oven-at 130°C. In a separate axparimant, the
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No .rust ,after 10 hours Therefore it is concluded that addition of

al kyl am ne salts of al kyl phosphates to the sem -aqueous fornul ation
prevents flash rusting of steel during water rising. These compounds are
rust inhibitors. Exanple 4 The tinme required for m.ssmgmeeﬁkqmw
agent-in-water enulsion to separate into a sol vent-rlch
|'ayer was neasured by recording the p03|t4 on of the inte MEEH: H [
two |ayers as the enul'sion was allowed to settle. Emulsi

by adding 90 ml of distilled water and 10 m of cleaning agent to a 118 rri
(4-02z2) capacity bottle and i mrersing the bottle in a constant-tenperature

bath. Aft i
b:t h and grh Sﬁc - 9@3 rwn%%g%mgrg Ug‘ean pﬁtgtﬁLe:% S V\er%ﬂdﬁ@ Vta?rggr%’&pe

poured into a iqﬂ Qzddlimeai u,a;a@d ufinglal sedR icehlitaibbarikipidciae aith 1D10@raM€d ihe shrris grahdd Qus-

const ant - t engagdea inle0EmiaBihél samblngdrazyrbdn rcdearmmas woight paTgeaich & gontidnig sigtadidmt emighated) Ster-

posi tion of A@SE]The eeafngowes hencowensed Iordwa migutesiinA2000FNheqkpiAantainilg 1899 mhe! distiled water

settli ng Wa smainigined at §2° Crapgbstifred bk an agitator tuming at 450 rpm. Altar drying to constant weight, 68.2 percent of the
grease was found to have been removad,

A third identical packed bearing was cleaned using the same procadure in 800 mi of hydrocarbon containing 9.5
waeight parcant of a non-ionic surfactant designated Targitol 15-S-3 plus 5.0 waight percent of the mixed di-iscbutyl
esters of succinic, glutaric, and adipic acids. After a two-minute water rinse at S0°C, the weight of the dried bearing

* indicated that 81.8 percent of the initial grease had been removed.

A heavy grease was removad {rom a ball bearing fastar when cleaned with a high-flash-peint hydrocarbon con-
taining Merpck®SE and rinsed with water than by cleaning with aithar the hydrocarbon or water aicne. Cleaning was
further improved by-use of “Targitol® 15-S-3 instead of Merpol®SE and addition of di-isobutyl DBE.

Exampla 2

A small metal assembly was prepared by hand tightening three nuts, separated by three washers, on a 0.635 cm
% 5.08 cm (1/4° x 2%) boit. The assembly was dipped for 15 saconds in Flust Lick *Cutzel® 711 cutting oil and allowad
to drain for 15 seconds. The assembly was then suspended for one minute in 600 mi of a reom-tempaerature paraffinic/
naphthenic hydrocarbon solvent having a flash point of 70.5°C (153°F) (identified in Example 1) stirred by an agitator
tuming at 450 rpm in a 1000-mi beaker. After cleaning, the assembly was found to be coated with the high-boiling
hydrocarben soivent. The cutting cil remaining on the assambly was extracted by immersion in 75.0 mi of 1,1.2-trichiora- -
1,2,2-iriflucroethana for about an hour, A second extract was praparad by extracting an assambly that had been dipped
in cil but not cleaning. A blank was prepared by extracting a clean assembiy that had besn subjected to the same
cleaning agent and procedure. The percant il ramaining on the cleaned bearing was calculated by comparing the
absorbancs, measured at 232 nm, of the axtract from the cleaned baaring versus the absorbance of the extract from
the uncleaned bearing. The absorbanca of the blank was found to be insignificant. The ratio of the absorbances indi-
catad that the claaning procedure removad 98.4 percent of the ail.

The expariment was repeatad using a second identical assembly dipped in the same il suspended in 600 mi of
the sama hydrocarbon containing 9.5% of a non-ionic surfactant designated Targitol 15-S-3 pius 5.0 weight percent of
the mixed di-iscbutyl esters of succinic, glutaric, and adipic aciis. The bearing was then suspendad in a2 2000-mi beaker
containing 1000 mi of distilled water maintained at 50°C and stirrad by an agitator tuming at 450 pm. After the finging
step, the assembly was found to be essentiaily frae of the cleaning agent. Using the same extraction technique, no

. detectable cutting cil was found on the cleaned assembly.

The experiment was again rapeated using a third identical assembly dipped in the same i suspended in 800 mi
of a paraffinic/naphthenic hydrocarbon soivent and containing 9.5% of a non-ionic surfactant designated Targitol 15-S-
3 and 5.0 waight percant of the mixed di-iscbuty! esters of succinic, glutaric, and adipic acids. The hydmcarbon solvent
was identified as follows: .

Bailing Range, *C (*F) 216.1-303.3 (421-578)

Composition, wt. %

Cycioparaffins _ 85
Isoparaffins az
. n-Paraffins 8
Aromatics -~ 0.250
flash Paint, Tag : 93.9 (201)

Closed Cup, °C (*F)

After claaning in the hydrocarbon mixture, the bearing was suspended in a 2000-ml beaker containing 1000 ml' of-
distilled watar maintained at 50°C and stirred by an agitator tuming at 450 rpm. Altar the rinsing step, the assembly
was found to ba essentially frae of the cleaning agent. Using the same extraction lachnique, the cleaning procedure
was found to have removed 99.8 parcent of the oil.
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requi.red for, the interface position to beconme steady as determned froma
graph of its location versus tine. The settling time for a cleaning
agent consisting of 90 wei ght percent paraffinic/naphthenic hydrocarbon
with a flash point of 70.6 C (159 F) (identified in Exanple 1) and 10.0
wei ght percent Tergitol 15-S-3 was found to be a functionthfShéeeHageai Eced
At about 25[err]C, the interface position was still changl

At 40[err]C, 60[err]C, and 70i C, the times for conpl ete se

hours. 1.5 hours, and 1.0 hour respectively. At a tenperat

various additives were found to effect settling rate. In these experlrrents
the formul ation was nodified by replaci ng sone of the hydrocarbon with the
addi ti ves whi ltRerktere pisitonciuti@ waanCraghinkshipbiat Myaikartke ig)isédab refroveSutingeb e @tal matal
Addi ti on of asherboiwveiugdesirapemgian bt ngrf-votatiiehyerpcadseh refivains smihe sephed parts cddition ¢! “Tangiol® i1 53$-C,
glutaric, afdndsiisgshe OFE odle yReramen Ad e upe LLANROLNELAVPIiS TP PAIYR A PRV ok rameyak

to 15 m'nutes Addi tion of 9.0 weight percent of the m xed dinethyl esters
of the same reduced settling time to only about 50 mnutes. Addition

of 4.5 wei ght DRELERL affroxfadety € be drf¥02.53.6 885G 0108 crt {264 1-1/4* Ri/aPYinidi vRFclr trRf Rsingle
al cohol mild steel plate. Each coupon was golished with abrasive, rubbed with a clean cloth to remave metal fines, rinsed in
1,1,2-trichlaro-1,2,2-trifluorcethana, and storad in a desiccator until raady for usa.
The following cleaning agent formulations were prepared: (A} 9.5% Tergitol 15-S-3, 5.0% mixed di-isobutyl esters
of succinic, glutaric, and adipic acids, and 85.5% paraffinic/naphthenic hydrocarbon of flash point 70.6°C (159°F); and
(8) 9.5% Tergitc! 15-S-3, 5.0% mixed di-iscbutyl asters of succinic, glutaric, and adipic acids, and 85.5% paraffinic/
naphthenic hydrocarbon of flash point 93.9°C (201°F). The hydrocarbons are identified in Examples 1 and 2, ,
in each test, one of the prapared coupons was removed from the desiceator and suspendad for one minute in 500
mi of cleaning agent maintained at 50°C in a 1000-m| agitatad beaker. To simulate a water rinse stap, the coupon was
_then suspended for five minutes in a sacond 1000-mi agitated beakar containing S00 mi of an amulsion maintained at
50°C which had baen prepared by adding S0 mi of cleaning agent to 450 ml of distilled water. The coupon was then
allowed to dry in the air and obsarved for rusting.
The following ware avaluated as rust preventative additives m the cleaning agent formulations: (1) 2-ethyhexy-
lamine sait of tridecyiphosphate and (fl) ‘Primene® 81-R salt of isooctyl phegphate. ‘Primene’ 81-R is the commercial

name for R-C(CHaja-NHy whera R=Cy2-Cyy.
The following results were obtained:

Cleaning Agent Formulation | Additive | Additive Concentration, Waeight % Otsarvations of Rusting
A None - 25% rust aftar smulsion rinse
A { . 1.0 Stight trace rust after emulsion
rinse
A i 3.0 Very slight trace rust after
. amulsion rinse
A 1§ 1.0 No rust after emulsion rinse
A I 3.0 -No rust after emulsion rinse
B (H] 1.0 No rust aftar emuision rinse
' No rust after 10 hours

Therefors it is conciuded that addition of alkylamine saits of alkyl phosphaes to the semi-aquacus formulanon
pravents flash rusting of steel during water rising. These compounds are rust inhibitors.

Sxample 4

The time required for a stagnant cleaning agent-in-watar smulsion to separate into a scivent-rich and a water-rich
layer was measurad by recording the position of the interface betwaen the two layers as the amulsion was allowed to
seftle, Emulsions were prapared by adding 90 mli of distilled water and 10 mi of cleaning agent to a 118 ml (4-a2)
capacity bottle and immersing the bottle in a constant-temperature bath. After reaching themmal equilibrium, the bottle
was withdrawn from the bath and shakan vigorously for one minute. The contents were immediately poured intoa
100-mi graduated cylinder which had been pra-heated in the constant-temperature bath. The cylinder was retumed to
the bath and the position of the interface recorded versus lima. The time for complate settling was taken as the time
required for the interface position to become staady as detarmined from a graph of its location varsus time.

The settling time for a cleaning agent consisting of 90 waight percent paraffinic/naphthenic hydrocarbon with a
flash point of 70.6°C (159°F) (identified in Example 1) and 10.0 weight percent Tergitol 15-S-3 was found to be a
function of temperature, At about 25°C, the interface position was still changing after 8 hours. At 40°C, 60°C, and

" 70°C, the times for complate settling were 3.5 hours, 1.5 hours, and 1.0 hour respectively. At a temperature of 60°C,
various additives were found to effect settling rate. in these axpariments, the formulation was modified by replacing
some of the hydrocarbon with the additivas while keeping the concentration of Targital 15-S-3 canstant. Addition of 4.5
waight percant of tha mixed di-ischutyl estars of succinic, glutaric, and adipic acids was found to reduce settiing time
from 1.5 hour to 15 minutes. Addition of 9.0 weight parcent of the mixed dimethy! esters of the same acids reduced
sattling time to anly about SO minutes. Addition of 4.5 waight parcent of either the acatate of Cq or of C;4 Oxo aicohol

This is the replacement sheet

Date: 3 0 MAR 1998-



-6- " .di d not. reduce settling tinme below the 1.5 hours neasured for the
hydrocarbon and Tergitol 15-S-3 al one. The additives tested as
corrosion inhibitors in Exanple 3 were also found to affect settling rate.
The formul ation consisting of 9.5 wei ght percent Tergitol 15-S-3, 5.0

wei ght percent of the m xed di-isobutyl eaters of succinic, glutaric, and
adi pic acids, and 85.5 wei ght percent of .the paraffinic/naphthenic

hydr ocarbon having a flash point 70.6 CfPISQ[err]F) had a settling tinme of
15 mnutes at 60[err]C. Addition of 1.0 weight percent of Additive I

I ncreased settling time to 1.0 .

did not reduce settling time baelaw the 1.5 hours measured for e hydrocarton and Tergito! 15-S-3 aiane.

The additivas tasted as comasion inhibitars in Example 3 wera.also found to affect settling rate. The lormutatis
consiating of 9.5 waight percant Targitol 15-S-J, 5.0 waight percant of the mixada di-iscbuty! esters o( succinic, glutar
and adipic acids, and 85.5 weight parcent of the paraffinic/naphthenic hydrocarbon having a ftash paint 70.8°C (153
had a settling time of 15 minutes at 60°C. Addition of 1.0 waight percent of Additive | increafod satting tima to 1
hour while addition of 1.0 waight parcant of Additive If reducad sattling lime (o lass than cna minute, Whaen the form
lation was changad by substituting a paraffinic/naphthanic hydrocartion having a flash paint of 93.9°C (201°F) (identiftc
in Example 2), addition of 1.0 waight parcant of Additiva Il also raducad the settiing time trom 15 minutes to less ty;
one minute at §0°C. _ '

Tharafors the separation of amuisions formed when water rinsing semi-aquecus (ormulaticns containing *Tergik
15-8-3 is faster at higher temparatures. Separation is also improvad by the adkiition of di-sobutyl DBE. Two ath
astars, acatates of Cq and C,q primary alcohals, were operative hdaanhgandhphmupa.mbnbumqp«tm
substantially less affectively than the addition of iscbutyl dibasic estar. Additive Il rust inhibitor was found ta imprer
separation, but Adcitive | alkytamino alkyfphesphate inhibitor was found 10 rasult in siowar saparation.
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“hour -while addition of 1.0 wei ght percent of Additive Il reduced settling
tinme to | ess than one minute. Wen the fornu- |ation was changed by
substi tuti ngaparaf fini c/ napht heni ¢ hydrocarbon havi ng

93.9[err]C (201 F) (identified in Exanple 2). addition of 1.

percent of Additive Il also reduced the settling tine f
| ess than one mnute at 60[err]C Thgpefore t he separ |ons
formed when water rinsing seni-aqueous fofnulations cont

15-S-3 is faster at higher tenperatures. Separation is also inproved by the
addition of di-isobutyl DBE. Two other esters, acetates of Clerr] and
Cerr] primary al cohols, were operative in cleaning and in phase separation
but they per$#Pted substantially |ess effectivel y than the addition of
i sobutyl dibasic ester. Additive || ek Y51 fJ] % | mprove
separ ati on, ‘bth‘ PR T T 'fg“T'TfmTaam no ﬁ“ﬁcy 'hosp ?%&“ﬂgg o%Pwas found to
result in sl OVVET (25 SR diddiing compasition ta a surface of a first substrate, .

(b) rinsing the surtaca of he substrate with watar ta remacve Me cleaning compasition.

(c) cailacting a cambination of tha contaminates, cleaning campasition and rinse watar and allowing

ing compasition which contains cantaminates (0 sepacate from the water. _

() cacyeling at least a gartion of the water from stap (C) in 2 rinsing stap e a secand substrate

cleaning composition has bean applied,

wheraty the cleaning compasiticn mpﬁs«

(0 S1 10 95% of a liquic hydrocartien saivent having a flash point abave 37.7 °C (100 *F);
(@ 1 to 25% ot an smuisifier salected from nonionic sthaxytates where fie aicshal is primary or ¢
and has (rom.3 0 20 cartion units in the chain which can be finear ar branched and whers he averag
of athoxylate groups isfrom 1 B 75
(H) t 1o 25% of a dibasic ester or combination of dbasic estars of dialkyl esters of dicarbexylic acic
acids)
whaerein the dicarsoxylic ackt is sslected from adigic acid, glutarie acid, sucsinie acid, axalic ackl, mal
pimeiic acid, subdrc acid, azelaic acis and mixturas heract and the alkyt group is selected from met
propyl, isopropyt, butyt, isobutyl. amyl and mixtures thersat,
bym@umﬂobusd!hudhydmaﬂmnmmmmmrmmsm
the definition of liquid hycrocarsen sclvent,
The procass of claim 1 whersin the liquid hydrocarbern scivent is aliphatic,
m.mlam1«zmmm“mmmwm.mn"
The process of claim 1 mcnhm«kmmwammmmcdmhgmhm(u

The procass of claim 1 m«hm«hpmmtmmmm&thpm. .

s om o oaop

The procass of claim 1 wharain

(1) is grasent in an armount of from 80 to 30%:
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fOr_renDV|ng contami nants froma surface of a substrate conprising the

st eps of : (a) appl ying a cl eaning conposition to
a surface of a first substrate, (b) rinsing the surface of
the substrate with water to renove the cl eaning
_ _ 8-
IITLE

ENVIRONMENTALLY SAFE CLEANING PROCESS AND
CLEANING COMPOSITION USEFUL THEREIN
ABSTRACT OF THE INVENTION
A substrate cleaning process employs a
substantially aqueous immiscible cleaning composition
and a water rinse followed by phase separation of the
cleaning composition and water and reuse of the water.
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and all owi ng the cl eani ng conposition which cont al Q?s e
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contam nants to separate fromthe water, : ,cr',)ngqj%td ¥
| east a portion of the water from step (c) g step: ~o” o '::;1&
onto a second substrate on which clea i ng corrposnt[ip a_su gd?“i—j“f “““
wher eby the cl eani ng conposition conpri Ses | & Absiract ( yu 511 BagEof-

of a liquid hydrocarbon sol ven sh pdlnt above _
37.7[err]C (100 [err]F); I:Lgl\ﬁ\flllé]%Rﬁ te» ‘28Y bt FACIER. SWdfRer......

sel ected d‘ &qghonl c et hoxyl ates where the “"al'cohol
is primry or secondary and has from8 to 20 carbon units in t he
cha| n whi ch Teepresert inventienplates to BR enyisenmeantally spie)pieepipo mrwessaw"zsgvédﬁmwafrom a

substrate surface which employs a water rinse whereby the water is reused.

A number of patents are directed to removal of contaminants from specific substirate surfaces

Dean U.S. Patent 4,673,524 discloses a cleaner suitable for cieaning hands and difficulty removable objectionable
material such as modern catalyzed auto paint, fast drying printers ink by use of a multicomponent compasition con-
taining 25-65% by weight of a dibasic ester admixture of dimethyl succinate, dimethyl giutarate and dimethyl adipate,
5-25% by weight dipropylene giycol methyl ether, 5-25% by weight odorléss mineral spirits, 4-9% by weight trieth-
anolamine, 5-15% by weight octyiphenoxypolysthoxyethanol, 1-3% by weight nonyl phenol ethoxylate and 8-18% by
weight tall oil fatty acid.

Jackson U.S. Patent 4,780,235 discloses a lowtoxicity paint remover composition containing C, to C4 diaikyl esters
of C, to Cg aliphatic dibasic acid, an activator, a thickener, a surfactant and at least one other organic nonhalogen-
containing soivent.

Hayes et al. U.S. Patent 4,640,719 discloses use of terpene compounds in cleaning printed writing boards. This

v patent discloses cleaning of residual fiux and particularly rosin solder flux and adhesive tape residues employing ter-
" pene compounds such as pinene including its aipha and beta isomer, gamma terpinene, deita-3-carene, limonene and
dipentene with limonene and dipentene preferred. Dipentene is the racemic mixture of the limonene optically active
isomers. This patent further discloses that these terpene compounds are almost completely insoluble in water and
cannot be directly flushed away by water. Therefore in a preferred embodiment terpene compounds are combined with

one or more emulsifying surfactants capable of emulsifying terpenes with water to facilitate their removal.

Dishart et al. U.S.-Patent 4,867,800 discloses cleaning of printed circuit board substrates with a combination of a
dibasic ester and terpene.

Futch et al. U.S. Patent 4,934,391 discloses removal of rosin solder flux or resist residues employing a dibasic
ester and an emulsifying surfactant. In a distinct embodiment, a combination of terpenes and dibasic esters are dis-
closed. - ’ )

EP-A-0 412 475 discloses cleaning of flux residue by a composition comprising dibasic ester, hydrocarbon solvent
and surfactant. it was published after the priority date of the present invention.

With the advent of tightened restrictions on the use of CFCs and chlorocarbon solvents, metal-fabricators and
other manufacturers are faced with a choice among many options for satisfying their cleaning requirements. These
inciude flammable alcohols, high-flash-point solvents, semi-aqueous cleaners based on terpenes or terpenes/dibasic.
estors, and aqueous cleaners. Alcohols clean-well but are flammable, high-flash-point solvents leave residues which
are slow drying, terpenes have undesirably low flash points and objectionable odors, dibasic esters are a poor solvent
for oils and greases, and aqueous cleaners are ineffective for removing heavy cils and greases from tight clearances.
in addition aqueous and semi-aqueous cleaners pose waste dlsposal problems uniess the soils removed can be ef-

, fectively separated from the waste water.
—/ . A need exists for a semi-aquecus cleaner which is effective for contaminant removal such as oil and grease,
biodegradable, low in toxicity, readily separates from rinse water, has a mild odor and high flash point. '

The present mventlon is directed to a process for removing contaminants from a surface of a substrate comprising
the steps of:

() applying a cleaning composition to a surface of a first substrate,

(b) rinsing the surface of the substrate with' water to remove contaminants and the cleaning oomposmon.

(c) collecting a combination of the contaminants, cleaning composition and rinse water and allowing the cleamng
composition and contaminants to separate from the water,

(d) recycling at least a portion of the water from step (c) in a rinsing step onto a second substrate on which cleaning
composition has been applied,

whereby the cleaning composition comprises (f) a liquid hydrocarbon solvent having a flash point above 37.7°C
(100°F), (ii) an emulsifier for the hydrocarbon solvent and (iii) a dibasic ester wherein the cleaning composition is
predominantly liquid hydrocarbon solvent on the basis of solvent, emulsifier and dibasic ester and wherein the cleaning
composition has an ability to phase separate when mixed with water.

A key feature of the present invention is an ability to undertake a. cleaning process in an envuonmentally safe
manner. The present process allows application of a cleaning composition to & surface of a substrate followed by an
agueous rinse 10 remove a combination of contaminants and the cleaning composition. The present invention is con-
sidered to overcome deficiencies of prior art processes wherein - problems are presented in disposal of a cleaning
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ethoxillaté groups is from1l to 7; (iii) 1 to 25%of a
dibasic ester or conbination of dibasic esters of dialkyl

esters of dicarboxylic acids (dibasic acids) wherein the o

di carboxylic acid is selected fromadipic acid, glutaric acid, succinic
aci d, oxalic acid, malonic acig, pinelic acid, suberic acid, azelaic
acid and m xtures thereof and -~ fhe alkyl group is selected from
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wher ei n t hwe othérgernmindms oy Bsatribeddelsnt i s al I'phatic. The process of
claim1l or 2Cedtaminantswhidharederine fomatwisaustraadigvarieiasd ikiudé, 8.0 Dheavi andlightablidting Sise ! -
metal working fluids (cutting, drawing, or machining oils), greases, buffing or lapping compounds, pitch, high-melting
waxes, and particulate contamination and the fike. _ :

in the present invention a key aspect is the smployment of a specially formulated cleaning composition which is
insoluble or substantially insoluble in water so that phase separation readily occurs. In afirst step of the present process
a cleaning composition is applied to a substrate surface. The manner of application of the cleaning composition is not
critical and can invoive, e.g., dipping of the substrate into the cleaning composition or spraying of the composition. In
a dipping opsration some agitation of the cleaning bath is generally desirable such as by submerged liquid jets, me-
chanical stirring or ultrasonic application. )

After the first step in which the cleaning composition is applied to a substrate surface a second step of a water
rinse is employed. Thereafter in a third step, a mixture of the cleaning composition, removed contaminant and rinse
waterare collected in a container. The mixture is allowed to stand wherein phase separation of the cleaning composition
and rinse water takes place. Preferably for safety considerations the hydrocarbon fraction will be in droplets suspended

U in water as the continuous phase rather than water suspended ina hydrocarbon. Time for phase separation is preferably
almost immediately such as within one minute. Howaver separating times can be longer such as up to one or three
hours with a disadvantage of less throughput. Use of elevatad temperature may increase the rate of separation. It is
understood that it is within the scope of the invention to employ water with the cleaning composition in the first step in
which the cleaning composition is applied to the substrate surface prior to a rinsing step. .

" The surface contaminant particularly if it is hydrocarbon based will concentrate and collect in the cleaning com-
position. To avoid buildup of contaminants to unacceptable levels a portion of the cleaning composition should be
removed and environmentally disposed, e.g., by buming. In-steady state operation of a cleaning process a portion of
the cleaning composition can be recycied for use with other substrates. Howaver, it Is not necessary for the cieaning
composition to be recycled but for economic reasons such recycling is preferred. :

~ In contrast to the cleaning composition, it is necessary for rinse water to be recycled for use in ancther cleaning
step after its phase separation from the cleaning composition. Therefore a closed loop may be aemployed wherein rinse
water is continuously separated from the cleaning composition and continuously reused in a rinsing step.

. Inthe present invention one or more liquid hydrocarbon solvents are used in the cleaning composition. The type
of hydrocarbon component useful in the invention may be selected from the broad class of aliphatic and aromatic .
solvents. The hydrocarbon solvent has an ability to be present as a residue on the surface of the substrate which aids
in contaminant removal. Preferred hydrocarbon compounds or blends posses a flash point above 37.7°C (100°F),
preferably above 60°C (140°F) and more preferably above 93.3°C (200°F) (Tag Closed Cup methed) so that they are
not classified as flammable liquids. Examples of such hydrocarbon components are the high flash point petroleum
derived solvents, such as mineral spirits, naphthas, and aromatics readily available from a variety of suppliers. Spacific

O - examples are Exxon ‘Isopar,” Shell *Soltrol* and Ashiand *Hi-Sol* solvents. A highly preferred class of hydrocarbon
solvents is aliphatic. According to the invention a terpena hydrocarbon is excluded.

In addition to the hydrocarbon solvent at least one emulsifier is employed. A preferred emulsifier is a nonionic
surface active agent, i.e., a surfactant which functions to facilitate the emulsification of the hydrocarbon solvent in the
water rinsing step. The emulsifier is chosen to have enough emulsifying power to promote ringing without formation of
a stable emulsion. This featurs is important since one of the primary advantages of the cleaning composition is its
ability to separate into a second layer on the surface of the rinse water, taking with it the contaminants removed from
the cleaned articles. This simplifies recycle of the water, The surfactants are nonionic alcohol ethoxylates, where the
alcohol is primary or secondary and has from 8 to 20 carbon units in the chain which can be linear or branched, and
where the average number of ethoxylate groups is from 1 t0 7.

In the present invention a dibasic ester or combination of dibasic ester solvents is employed. Dibasic ester is
empioyed in its normal definition and includes typical dialkyl esters of dicarboxylic acids (dibasic acids) capable of
undergoing reactions of the ester group, such as hydrolysis and saponification. Conventionalily at low and high pH they
can be hydrolyzed to their corresponding alcohols and dibasi¢ acids or acid salts. Preferred dibasic aster solvents are:
dimethy! adipate, dimethyl gluterate and dimethyl succinate and mixtures thereof. Other esters with longer chain alkyl
groups derived from alcohols, such as ethyl, propy!, isopropyl, butyl and amyl and mixtures thereof including methyl
can be employed. Also the acid portion of these asters can be darived from cther lower and higher molecular weight
dibasic acids, such as oxalic, malonic, pimelic, suberic, and azelaic acids and mixtures thereof including the preferred
dibasic acids. These and other esters can be employed provided they are soluble with the hydrocarbon solvent and
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4. . "The'process of cldim 1 wherein water is substantially absent from

t he cl eani ng conposition in step (a). 5. The process of claim1l
wherein water is present with the cleaning conposition in step (a). 6.
The process of claim1l wherein _ (1) is present in an
anmount of from80 to 90% © . @LL) I's present in an armunt of

from5 to 12% t
8% 7. W clefiasdampiednisy b R e P S Bl

Although the above class of dibasic esters provides operability in contaminant removal, it is highly preferable that
the dibasic ester comprises di-isobuty! dibasic ester. Such ester has been found to be particularly effective in allowing
phase separation to occur in a short time period and such ester has been found to be more effective for oil and grease
removal than, for example, dimethyl dibasic ester. Generally the dibasic ester will have a solubility in water of not
greater than 2% by weight at a temparature of 25°C.

In the cleaning composition the liquid hydrocarbon solvent will be present in a predominant amount on the basis
of the hydracarbon solvent, emulsifier and dibasic ester. A suitable concentration on the basis of these three compo-
nents is in an amount of 51 to 95% by waeight of hydrocarbon solvent. A preferred range is 70 to 90% with a more
preferred range of 80 to 90%. The emuisifier can be present in a relatively low amount such as a range of 1to 25%
with a preferred and a more preferred range of 3 to 15% and 5 to 12%. The dibasic ester is likewise present in a
relatively minor amount such as in a range of 1 to 25%. Preferred and more preferred ranges are 1 to 15% and 1 to 8%.

An optional compenent in the cleaning composition is a rust inhibitor. Oil or grease on a ferrous containing surface
such as mild steel surface protects the substrate from corrosion and it is removed in a cleaning step. However a freshly
cleaned steel surface in contact with water will rust rapidly and a water rinse step provides ideal conditions for flash
rusting. The problem has been less severe in the prior art since many cleaners are alkaline. Although rust inhibitors
(also called preventatives) can be added to rinse water, inclusion of a rust inhibitor in the cleaning composition itself
is desirable.

L/- Aust inhibitors function by leaving a prétective film on the surface of a metal. While oily and dry-film inhibitors are
useful, an oil film is effective in preventing rust but can be undesirable on many finished products or parts that will
subsequently be coated, brazed, or welded. Common dry-film inhibitors which are water soluble are not generally
preferred in the present invention since they can concentrate in the rinse water.

Alkylamine salts of alky! phosphates are oil soluble and form a dry rust inhibiting film on metal surfaces. These
products were developed for use in motor fuels and are praferred. They may be incorporated into the cleamng com-
posmon to provide the desired rust protection in the presence of water.

An example of an inhibitor is an amine-neutralized alkyl phosphate or alkylamino alkylphosphate. A pfeterred
inhibitor is the salt of an alkyl primary amine, where the alkyl group is a tertiary alkyl group containing 14 to 16 carbon
atoms, with mixed mono- and di-isooctyl phosphates. An illustrative amine is available from Rhom and Haas under
the name “Primene® 81-R. Other examples are (a) salts of 2-ethylhexylamine with alkyl phosphates and (b) salts of
various alkylamines with butyl phosphate, tridecyl phosphate, 2-ethylhexyl phosphate, phenyl phosphate, and octyl-
phenyl phosphate.

To illustrate the present invention the follawmg examples are promded. All parts and percentages are by weight
uniess otherwise indicated.

Example 1

A steel ball bearing was packed with 1.10 grams of Shell Aivania Grease No. 2, a high-filler universal grease of

" No. 2 consistency. The ball bearing used was 2.54-1.27 cm (1-1/2 inches) in outside diameter and contained a total

; of 22 balls, 0.476 cm (3/16 inch) in diameter in two races. The bearing was suspended for 15 minutes in 600 miof a

—/ room-temperature paraffinic/naphthenic hydrocarbon solvent stirred by an agitator tuming at 450 mpm in a 1000-mi
beaker. The hydrocarbon solvent was identified as follows:

Boiling Range, °C (°F) 204.4-227.2 (400-441)

Composition, wt. %

Cycloparaffine . 69
Isoparaffins ’ 29
n-Paraffins 2
-Aromatics 0.008
Flash Point, Tag . 70.6 (159)

Closed Cup, °C (°F)

After cleaning, the bearing was dried to constant weight in a vacuum oven at 130°C. In a separate experiment, the
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. “The ‘process of claim 1 wherein the contaninants are oil or grease.

-4 -

waight loss of the groase alone wiis found to be insigniﬂ;:ant under these drylng conditions. The final weight of the

bearing indicated that 56.4 percent of the grease had been reamoved.. .
The axpariment was repeated using a second identical bearing packed with 1.10 grams of the same grease sus-
pended in 600 ml of the same hydrocarbon containing 10 waight percent of a non-ionic surfactant designated Mer-

. pol®@SE. The bearing was then suspended for two minutes in a 2000-ml beaker containing 1000 ml of distilled water

maintained at 50°C and stirred by an agitator. tuming at 450 rpm. After drying to constant weight, 68.2 percant of the
grease was found to have been removed. o

A third identical packed bearing was cleaned using the same procedure in 600 ml of hydrocarbon containing 9.5
weight percent of a non-icnic surfactant designated Tergitol 15-S-3 plus 5.0 weight percent of the mixed di-isobutyl
esters of succinic, glutaric, and adipic acids. After a two-minute water rinse at S0°C, the weight of the dried bearing

- indicated that 81.8 percent of the initial grease had been removed.

A heavy grease was removed from a ball bearing faster when cleaned with a high-flash-point hydrecarbon con-
taining Merpol®SE and rinsed with water than by cleaning with either the hydrocarbon or water alone. Cleaning was
further improved by use of *Tergitol* 15-S-3 instead of Merpol®SE and addition of di-isobutyl DBE.

Example 2

A small metal assembly was prepared by hand tightening three nuts, separated by three washers, on a 0.635 cm
X 5.08 cm (1/4* x 2°) boit. The assembly was dipped for 15 seconds in Rust Lick "Cutzol® 711 cutting oil and allowed
to drain for 15 seconds. The assembly was then suspended for one minute in 600 mi of a room-temperature paratfinic/
naphthenic hydrocarbon solvent having a flash point of 70.6°C (159°F) (identified in Example 1) stirred by an agitator .
tuming at 450 rpm in 2 1000-mi beaker. After cleaning, the assembly was found to be coated with the high-boiling
hydrocarbon solvent. The cutting oil remaining on the assembly was extracted by immersion in 75.0 ml of 1,1,2-trichioro-
1,2,2-trifluoroethane for about an hour. A second extract was prepared by extracting an assembly that had been dipped
in oil but not cleaning. A blank was prepared by extracting 2 clean assembly that had been subjected to the same
cleaning agent and procedure. The percant cil remaining on the cleaned bearing was calculated by comparing the
absorbance, measured at 232 nm, of the extract from the cleaned bearing versus the absorbance of the extract from
the uncleaned bearing. The absorbance of the blank was found to be insignificant. The ratio ¢f the absorbances indi-
cated that the cleaning procedure removed 98.4 percent of the oil.

The experiment was repeated using a second identical assembly dipped in the same oil suspended in 600 m! of
the same hydrocarbon containing 9.5% of a non-ionic surfactant designated Tergitol 15-S-3 pius 5.0 weight percent of
the mixed di-isobutyl esters of succinic, glutaric, and adipic acids. The bearing was then suspended in a 2000-ml beaker
containing 1000 mi of distillad water maintained at S0°C and stirred by an agitator turning at 450 rpm. After the rinsing
step, the assembly was found to be essentlally free of the cleaning agent. Usmg the same extraction technique, no
detectable cutting oil was found on the cledhed assembly.

The experiment was again repeated using a third identical assembly dipped in the same oil suspended in 600 mi
of a paraffinic/naphthenic hydrocarbon soivent and containing 9.5% of a non-ionic surfactant designated Tergito} 15-S-
3 and 5.0 weight percent of the mixed di-isobuty! esters of succinic, glutaric, and adipic acids. The hydtocarbon solvent
was identified as follows:

Boiling Range, °C (°F) 216.1-303.3 (421-578)

Composition, wt. %

Cycloparaffins - 55

Isoparaffins 37

n-Paraffins 8

- Aromatics . 0.250
Flash Point, Tag _ ' 93.9 (201)

Closed Cup, °C(°F)

After cleaning in the hydrocarbon mixture, the bearing was suspended in a 2000-m! beaker containing 1000 ml of
distilled water maintained at 50°C and stirred by an agitator tumning at 450 rpm. After the rinsing step, the assembly
was found to be essentially free of the cleaning agent. Using the same extraction tachnique, the cleaning procedure
was found to have removed 99.8 percent of the oil.

This is the replacement sheet

Date: - 6 NOV 1998



9. The process of claim 1 wherein the substrate is ferrous and the
cleani ng conposition contains a rust inhibitor. 10. The process
of claim1l wherein at |least a portion of the cleaning conposition after
step (c) is incinerated. o '

. . -5 -
Theretora it is concluded when a high-flash-paint hydrocarbon is used to remove cutting il from & smail metal

assembly, an undesirable residue of ion-volatile hydrocarbon remains on the cléaned parts. Addition of “Tergitol® 15-S-
3 and di-isobutyl DBE to the hydrocarbon and the use of a water rinse avoids the residue and improves oil removal.

Example 3

Test coupons, approximately 5.08 cm x 2.54-0.635 cm x 0.08 cm (2" x 1-1/4°x 1/32°) thick, were cut from a single
mild steel plate. Each coupon was polished with abrasive, rubbed with a clean cloth to remove metal fines, rinsed in
1,1,2-trichloro-1,2,2-triflucroethane, and stored in a desiccator until ready for use.
The following cleaning agent formulations were prepared: (A) 9.5% Tergitol 15-S-3, 5.0% mixed di-isobutyl esters
of succinic, glutaric, and adipic acids, and 85.5% paraffinic/naphthenic hydrocarbon of flash point 70.6°C (159°F); and
(B) 9.5% Tergitol 15-S-3, 5.0% mixsd di-isobutyl esters of succinic, glutaric, and adipic acids, and 85.5% paraffinic/
naphthenic hydrocarbon of flash point 93.9°C (201°F). The hydrocarbons are identified in Examples 1 and 2.
In each test, one of the prepared coupons was removed trom the desiccator and suspended for one minute in 500
mi of cleaning agent maintained at 50°C in a 1000-mi agitated beaker. To simulate a water rinse step, the coupon was
then suspended for five minutes in a second 1000-mi agitated beaker containing 500 ml of an emuision maintained at
50°C which had been prepared by adding 50 ml of cleaning agent to 450 mi of distilled water. The coupon was then
allowed to dry in the air and observed for rusting. .
_ The following were evaluated as rust preventative additives to the cleaning agent formulations: (1) 2-ethythexy-
\_ lamine salt of tridecylphosphate and (ll) *Primene” 81-R salt of isooctyl phosphate. "Primene*® 81 -R is the commaercial
name for R-C{CHg)y-NH, where R=C2-Cyy4. ' -
The following resuits were obtained:

Cleaning Agent Formulation | Additive Additive Concentration, Weight % Observations of Rusting
A None - 25% rust after emulsion ringe
A 1 . 1.0 Slight trace rust after emulsion
: ' rinse -
A 1 3.0 Very slight trace rust after
. emulsion rinse )
A " 1.0 No rust after emulsion rinse
A - n 30 . No rust after emuision rinse
8 {] 1.0 - - | No rust after emuision rinse -
’ No rust after 10 hours

" Therefore it is concluded that addition of alkylamine salts of afky! phosphateé to the semi-aqueous formulation
prevents flash rusting of steel during water rising. These compounds are rust inhibitors.

Example 4

The time required for a stagnant cleaning agent-in-water emulsion to separate into a solvent-rich and a water-rich
layer was measured by recording the position of the interface between the two layers as the emulsion was allowed to
settle. Emulsions were prepared by adding 90 m! of distilled water and 10 mi of cleaning agent to a 118 m! (4-02)
capacity bottle and immersing the bottle in a constant-temperature bath. After reaching thermal equilibrium, the bottle
was withdrawn from the bath and shaken vigorously for one minute. The contents were immediately poured into a
100-mi graduated cylinder which had been pre-heated in the constant-temperature bath. The cylinder was retumed to
the bath and the position of the interface recorded versus time. The time for complete settling was taken as the time
required for the interface position to become steady as determined from a graph of its location versus time.

The settling time for a cleaning agent consisting of 90 weight percent paraffinic/naphthenic hydrocarbon with a
flash point of 70.6°C (153°F) (identified in Example 1) and 10.0 weight percent Tergitol 15-S-3 was found to be a
function of temperature. At about 25°C, the interface position was still changing after 8 hours. At 40°C, 60°C, and
70°C, the times for complete settling were 3.5 hours, 1.5 hours, and 1.0 hour respectively. At a temperature of 60°C,
various additives were found to effact settling rate. In these experiments, the formulation was modified by raplacing
some of the hydrocarbon with the additivas while kaeping the concentration of Tergitol 15-S-3 constant. Addition of 4.5
weight percent of the mixed di-isobutyl esters of succinic, glutaric, and adipic acids was found to reduce settiing time
from 1.5 hour to 15 minutes. Addition of 9.0 weight percant of the mixed dimethyl esters of the same acids reduced
settiing time to only about 50 minutes. Addition of 4.5 weight percent of either the acetate of C, or of C,q Oxo alcohol
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did not reduce sattling time below thg 1.5 hours measured for the hydrocarbon and Tergitol 15-S-3 alone.

The additives tested as corrosion inhibitors in Example 3 were.also found to affect settling rate. The formulation
consisting of 9.5 weight percent Tergitol 15-8-3, 5.0 weight percent of the mixed di-isobutyl esters of succinic, glutaric,
and adipic acids, and 85.5 weight percent of the paraffinic/naphthenic hydrocarbon having a flash point 70.6°C (159°F)
had a settling time of 15 minutes at 60°C. Addition of 1.0 waight parcent of Additive | increased settiing time to 1.0
hour while addition of 1.0 waight parcent of Additive Il reduced settling time to less than one minute. When the formu-
lation was changadby substituting a paraffinic/naphthenic hydrocarbon having aflash point of 93.9°C (201°F) (identified
in Example 2), addition of 1.0 weight percent of Additive |l also reduced the settling time from 15 minutes to less than
one minute at 60°C. ' :

Therefore the separation of emuisions formed when water rinsing semi-aqueous formulations containing *Tergitol"®
15-S-3 is faster at higher temperatures. Separation is also improved by the addition of di-isobutyl DBE. Two other
esters, acetates of Cg and C,q primary alcohols, were operative in cleaning and in phase separation but they performed
substantially less effectively than the addition of isobuty! dibasic ester. Additive Il rust inhibitor was found to improve
separation, but Additive { alkylamino aikyiphosphate inhibitor was found to result in slower separation.
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CLAIMS

A process for removing contaminants from a surface of a substrate comprising the steps
of:

(2) applying a cleaning composition to a surface of a first substrate,

()  rinsing the surface of the substrate with water to remove the cleaning
composition,

© collecting a combmauon of the contaminants, cleaning composition and
rinse water and allowing the cleaning composition which contains
contaminantg to separate from the water,

(5] recycling at least a portion of the water from step (c) in a rinsing step
onto a second substrate on which cleaning composition has been applied,

whereby the cleaning composition comprises.

0] 51 to 95% of a liquid hydrocarbon solvent having a flash pomt above
37.7°C (100 °F);

(i) 1 to 25% of an emulsifier selected from nonionic ethoxylates where the
alcohol is primary or secondary and has from 8 to 20 carbon units in the
chain which can be linear or branched and where the average number of
ethoxylate groups is from 1 to 7;

@iii) 1 to 25% of a dibasic ester or combination of dibasic esters of dialkyl
esters of dicarboxylic acids (dibasic acids)

wherein the dicarboxylic acid is selected from adipic acid, glutaric acid, succinic acid,
oxalic acid, malonic acid, pimelic acid, suberic acid, azelaic acid and mixtures thereof and
the alkyl group is selected from methyl, ethyl, propyl, isopropyl, butyl, isobutyl, amyl and
mixtures thereof,

by weight on the basis of liquid hydrocarbon solvent, emulsifier and dibasic ester wherein
terpene is excluded from the definition of liquid hydrocarbon solvent.

The process of claim 1 wherein the liquid hydrocarbon solvent is aliphatic.

The process of claim 1 or 2 wherein the dibasic ester comprises di-isobutyl dibasic ester.

The process of claim 1 wherein water is substantially absent from the cleaning
composition in step (a).

The process of claim 1 wherein water is present with the cleaning composition in step (a).
The process of claim 1 wherein

(] is present in an amount of from 80 to 90%;

(ii) is present in an amount of from 5 to 12%;

(iii)  is present in an amount of from 1 to 8%.

The process of claim 1 wherein the substrate is metal.

The process of claim 1 wherein the contaminants are oil or grease.
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9. The process of claim 1 wherein the substrate is ferrous and the cleaning composition
contains a rust inhibitor.
10. The process of claim 1 wherein at least a portion of the cleaning composition after step

() is incinerated.

* c L M S * .
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CLEANING PROCESS

ABSTRACT

A substrate cleaning process employs a substantially
aqueous immiscible cleaning composition and a water rinse
followed by phase separation of the cleaning composition
and water and reuse of water.
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