Emul sifier/Denul sifier System The present invention
relates to enul sifiers and denulsifiers and

conbi nations thereof for use with enmulsified oi
systens such as netal working |ubricants.

Specifically, the emulsifier may include an al kyl
substituted succinate such as polyi sobutyl ene succinic
anhydride. The denulsifier may include a | ow HLB
surfactant. Background A |large portion of cutting and
machi ning lubricant is based on an oil in water

emul sion. Thi s BLEARIEEr Ade: éﬁﬁér%#l%n?l uid has many
an g e

advant ages i ncludi ng cost cool | ficiency. For
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vari ety of emulsification agents known as
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demusifisr mamdirtabude mi lowz H LEhsurfegiaritve i npact of fluid
di sposal on the environment. Oten, this separation
i s achi eved by adding strong acids to the fluid,
foll owed perhaps by neutralization. This acidification
and neutralization steBackgigundin cost to the user
in the formof handling hazardous materials, storing
t Heswrgaatoetibnldf cantdngtamet meehisingSubneant isfbaesed ongry pil in
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| ubricants. According to the present invention, an
emulsion sicktie to begituers andtbedendonenfar thg akpbagee secparate
: [ | Kyl substitut.ed | succinats,. .
rronf3B PaueP s cRHERE W e BRI PR Episprion agenes
(knobal anesn(l§ifiB)s). At fhacérahbof the fluid’s useful life, it is desirable to
then separate the oil phase from the water phase, in order to minimize the
disposal costs, and to minimize the negative impact of fluid disposal on the
environment. Often, this separation is achieved by adding strong acids to the
fluid, followed perhaps by neutralization. This acidification and neutralization

step results in cost to the user in the form of handling hazardous materials,

storing these materials and other costs.

sSummary

Accordingly, it is an object of the present invention to overcome the
foregoing drawbacks and disadvantages of existing emulsified oil systems
such as metalworking lubricants. According to the present invention, an

emulsifier includes a metal-containing detergent and/or an alkyl substituted
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In one exanple, an enmulsifier for use in an enul sified

oil system the enulsifier conprises a

pol yi sobut yl ene succi ni ¢ anhydri de derived froma

pol yi sobutyl ene havi ng an average nol ecul ar wei ght of

about 500 to about 1250. In another exanple, an

emul sifier for use in a enulsified oil system the

enul sifier conprises a polyisobutenyl succinimde

ashl ess dispersant forned fromreacting

pol yi sobut enyl succinic anhydride with a polyamne. In
sucdnatd.t Ardahiulgfiexaighées a 16RMYEichhelic HipopHak: baladlke (HLB)

enmul sified oil system the derulsifier conprises a
surfagiedct ant having a hydrophilic |ipophilic bal ance
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conprising a surfactant having a hydrophilic
the ¢mpésifier cemipaisesce pobfisebwikenybsyctinaniddashless @lisparsant

tid | further exanple, a .nethod of breaking. an .
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wherein the emul sifier conprises a polyisobutylene .
systee the demysiiparqompises aagufacianbhesing sdtidrypbiis lipophilic
_ ' r cul-ar weight of about 500 to
balagg%atﬁﬂiz O@ggﬁgggd%ﬁ%ng %‘g{it he emul sion a denul sifier
c dnpx fisithgr examipl @cdaetniaifisddoid ih yetepkblripgbsition comprising
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" bh eadsll fhRter feg@in ik ahirREHRASYT B k@8R lan emulsified oil
system, the method comprises the steps of providing an emulsion comprising
an emulsifier, wherein the emulsifier comprises a polyisobutylene succinic
anhydride derived from a polyisobutylene having.an average molecular weight
of about 500 to about 1250, and adding to the emulsion a demulsifier
'compri_sing a surfactant having a hydrophilic lipophilic balance value of less
than about 5.0. '

Detailed Description

The present invention includes replacing or supplementing the
emulsification agent in emulsified oil systems with a chemistry which forms

strong and stable emulsions for efficient performance, while also designing this
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The specific chem cal nature of a typical enulsifier

falls into two general classes: a) a netal detergent

such as a sul fonate, phenate, salycilate,

phosphonat e- phenat e, or carboxylate; or b) an al kyl

substituted succinate, such as polyi sobutyl ene

succi nic anhydride (PIBSA) or derivatives thereof.

Traditionally, the PIBSA enulsifiers wused are derived

from pol yi sobutyl enes havi ng nol ecul ar wei ghts of at

| east about 1350. In one exanple of a PIBSA that may
emubsificiath agerdesctidiesh hddidion oft euitable/bugabsiit ! tHeednulsion
. ugcjinate is a polyisobutyl ene succinic anhydride
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T Ol L Bl AL RA o gencr

class€850, or alternatively about 950. In another exanple,
| ~succinimde

the enulsifier is a polyisophuteny
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about 858  pent aet hyl ene hexani ne ( PEHA), heavy
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alkyl smistitatedbbutcnete Foh yabyisebotsilgeesuscinitlehhgsriteRferived
and .PEHA, but imarily oligoners wwth 7 _or nore
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_ m xtures. O her ~exainpl es of ccinimde reaction
alterprtivedyriabout &8P ot her reagents are set forth -3

In another example, the emulsifier is a polyisobutenyl succinimide
ashless dispersant formed from reacting, contacting or interacting a
polyisobutenyl succinic anhydride with a polyamine such as triethylene
_I;etramine (TETA) in a mole ratio of less than 2.0 but more than 1.3 moles of
said PIBSA per mole of polyamine. Examples of other polyamines that may be
 used include, but are not limited to, aminoguanidine bicarbonate (AGBC),

- diethylene triamine (DETA)}, tetraethylene pentamine (TEPA), pentaethylene
hexamine (PEHA), heavy polyamines, and mixtures thereof, A heavy
polyamine is a mixture of polyalkylenepolyamines comprising small amounts
of lower polyamine oligomers, such as TEPA and PEHA, but primarily
oligomers with 7 or more nitrogens, 2 or more primary amines per molecule,
and more extensive branching than conventional polyamine mixtures. Other

examples of succinimide reaction polyamines and other reagents are set forth
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in US. Patent No. US 6,548,458 B2, incorporated by
. reference herein inits entirety. The denul sification
surfactant for use as described herein is optimzed
to work with the specific enmulsifier chosen, and can
be of any |low HLB value type surfactant. HLB is a
nmet hod of characterizing surfactants based on their
relative affinity for water and oil. Generally, higher
HLB nunbers are assigned to surfactants with a high
affinity for water, |low HLB nunbers are assigned to

in Us8r Pattrerifs. UBi6;548[4581B0¢ ihcqppialddChby Héfer@ivte k@S in its
.bl ends containing two or nore surfactants nay be used
entifefYgi ve opti mum performance. Cften, hi gher HLB number
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the type normally used In cutting f urd
to wmekamb rthe specidiopirmubtifienshodssuadnd canibet ofr sy bfw HLB value

PR e Ot AR RREL] RrfactPSen swif et apased on their
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order to demulsify or separate essenti al |

assighgeh|te serfaciuats With hhighh edinigy ferowetesrd love FHil mumbers are
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‘ changed if the  stable emulsion forned is to be
perigrrgpBge. fftear.tigher Rl ahapber susfaripntewilistabiizainil in water
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meet| ng t hese categ r|es er t'o Wwor
applidadiang. f Hstially smikioges oﬁuﬁhuhﬁimimbﬂlg{ae@ﬂp airehised or

ther .t eor of t e ,of . emul si ratiQ ) _
eI R Remb B DY BRA Hhisi e o OOt fveqein order
to bafgedabity he tﬁg‘é&&e@ﬂ Wl drdterd d‘éﬁml@{g 'EPts%gtaPﬁte what is
formation of water in oil enul sions i's causes the

esseafigllyig padple §V§llém ot haslbe@paﬂusr:@veraé rhersitf {0 require the use

of b BRI (PRSI by B Bipre g gt

selfise ati HLB ﬁurxﬁxeh Ioé‘ﬂ&d suﬁféiﬂ:téﬂitaéys’temt 2s€ beadtRingded if the
nvert) enul sion_ is not forned. Low HLB
Stab%ﬁm;%‘ctl%t forred inep AR brpkenallgeeffet thisschangs ane low HLB
numdeP suPfactant is added. However, not all surfactants meeting these
categories of HLB are likely to work. The surfactants chosen must be mutually
compatible. Another theory of this type of emulsion separation (Demulsibility)
is that the low HLB surfactant when added to the emulsion will tend to
promote the formation of water in il emulsions. This causes the emulsified
system to fall apart or demulsify.  Obviously, the amount and chemical type of
low HLB. surfactant added should be chosen so that the desired separation is
achieved, and that a stable water in oil (invert) emulsion is not formed.
Low HLB surfactants having an HLB value of less than about 5.0, or

alternatively less than about 2.0, or still further alternatively less than about
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alternatively | ess than about 2.0, or still further
alternatively |less than about 1.0 can be successful
demul sifiers. A commercially available, |ow HLB
surfactant that has been a successful denulsifier when
used with a PIBSA (950 MWPIB) enulsifier is an

et hyl ene oxi de/ propyl ene oxi de copol yner such as

Pl uronic L121. Denul sification packages may conprise
mul ti ple chem cals m xed together. These conbi nations
may i nclude conbinations of surfactants, but nmay al so
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solution in oil. Exanpl'es of these Include Paratac

may glpafingeie combmeg@mmsfzsuﬂ’anmts addrig tle¢iBanysight oil-

solublF BRERs. “Hin Rgtuar PRt o ifin ok ndoue Blepes Varies, but

can bEhﬁﬁ)&nde anidisobr HighefOTBGHbaloi@ Sl RQI¥Fekample,
solutions are marketed as both~ tacki ness additives
an olefiy cgrokymsr, @omlmetbgéﬁtlgte qhpolyaghylats et elralyisebyhylene.
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least i1 3 Eliﬁicaachrarmragabimlmamermpldf d&tmgﬁbut/\hgfﬁ ConVﬁnlenﬂy as
ackj ness. or st rties are desired. In this
a dilugg Sphaligr i oil gl by fhigpe sl ParataR dkMCERbar
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necessarily preferred, hi s application
V-”ZA(MQIW@M%@@MCQS ngmt@@aw ¢66t(5‘unnugnah5‘rcﬁcbh¢ttsw fihese

branc(ﬁé heﬁ]lﬂfefé]@gwga ?f?l‘lle%‘ s()(glllltlglzls%;/%:%é}keQed as both
tackiness addltives and as mist control agents. The high molecular weight of
these polymers renders them likely to shear under thermal or mechanical
-stress. This shearing property is a disadvantage in many applications where
tackiness or demist properties are desired. In this application, shear stability
is not a concern. Shear unstable polymers are therefore suitable, though not

necessarily preferred, for this application.

Example 1

A soluble base is prepared by contacting the following ingredients:
100 Naphthenic oil , 82.5%

Tall Oil Westvaco M-28B 2.3%
-Tripropylenerglycol methyl ether (mixed isomers) - 1.1%




Tri propyl ene glycol nethyl ether (m xed isoners) 1.1%
Ri chnmond, VA Tap Water 0.5% KOH 45% 1.3% Lubri zol
Syn-ester Gy-241 1.6% Polyi sobutenyl succinim de
ashl ess di spersant derived from 950MN pol yi sobut yl ene,
formed fromreacting polyisobutenyl succinic anhydride
wth a polyamne 12. 9% AMP- 95
(2- Ami no-2- Met hyl -1 -Propanol) 1.5% NP-9 (para- nonyl
phenol ) 0.6% 10% of this concentrate was then added to
90% tap-water to give a stable emulsion. A

Richdemd,sVA Tap, Waaayo LB 1800X 0.5%

KOH #8¥yoxypropyl enebutyl ether) was then addgs, to the

'Lubﬁiﬂl'%@stew‘(} 4qubsequent |y fornmed two Ia@r 0rs of 0|I

Po1yﬁebupér%r1%%cm eSHY Rt
polyfé Bﬂ en og i&éﬁfﬁg@@iﬁo@ﬁﬁeﬁyfeggg %%ﬁ{ﬂﬁgﬁpge with

_ 5% tvaco, M 28B 2. 3% ‘opyl ene
ﬁgp' l{dgﬁ%l Y%ﬁp?@ﬂo)sorrers) 1. 1‘% chrmond
A aT%t‘ H%Y gng]% KOH 45% 1.3% Lubri zoP-8mn- est er

Gy- 241 1.6% Pol yi sobutenyl succinimde ashl ess
di spersant derived from 950MW pol yi sobutyl ene, forned
10%fof @MSrmnn@tp (Wa}a ﬁmlnuadnhf;d ts 0026 tipe waambxytb Eive anktalble
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sta
-soluble and water soluble parts. The water layer was cloudy.

Example 2

A Soluble base is prepared by contacting the following ingredients:

100 Naphthenic oil 82.5%
Tall Oil Westvaco M-28B 2.3%
Tripropylene glycol methyl ether {mixed isomers) 1.1%
Richmond, VA Tap Water 0.5%
KOH 45% 1.3%
Lubrizol Syn-ester Gy-241 1.6%

Polyisobutenyl succinimide ashless dispersant derived from 950MW
polyisobutylene, formed from reacting polyisobutenyl succinic anhydride with

a polyamine 12.9%
AMP-95 (2-Amino-2-Methyl-1-Propanol) 1.5%
NP-9 (para- nonyl phenol) 0.6%

10% of this concentrate was then added to 90% tap-water to give a stable
-emulsion. A demulsifier, comprising a mixture of 50 parts of HITEC 152
polyisobutylene based tackiness additive, and 50 parts of a 10% solution of
Pluronic L-121 was then added to the emulsion, which subsequently formed

two layers of oil soluble and water soluble parts. The water layer was cloudy.




emul sion. A denulsifier, conprising a m xture of 50
parts of H TEC 152 pol yi sobutyl ene based tacki ness
additive, and 50 parts of a 10% solution of Pluronic
L-121 was then added to the enul sion, which
subsequently formed two |ayers of oil soluble and

wat er sol uble parts. The water |ayer was cloudy.
Exanpl e 3 A soluble base is prepared by contacting the
follow ng ingredients: 100 Naphthenic oil 84.1% Tal
Ol Westvaco M 28B 2.3% Tripropyl ene glycol nethyl
ether (mxed isoners) 1.1% Richnond, VA Tap Water
0.5% KOH 45% 1. 3% Pol yi sobut enyl succinim de ashl ess

di spersant derived from@aM)-Pel yi sobutyl ene, forned
fromreacting polyi sobutenyl yﬂeﬁcci ni ¢ anhydride with

1: % -9 2- A np~2- Met hyl - | =.Propanol )
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ncentrate was then added to 90%tap-water to give a
100 FQE‘I%éemé:rRﬂsi on. A demulsifier, conprisfAgl® m xture
Tall Gfl WestyacpMot8hi TEC 152 pol yi sobut yl eng-g%’sed
Tripropylansegly cabigiethylecthgn dmsredigamsens) a 10% %6l uti on of
Richplonds 4 Tep Watemas t hen added to the enfil5%on, which
KOHstfifbequent |y formed two layers of oil salatl e and
Polyisabetergd|sulictniptidt sishléss d@bersdrityddrivnabiroho08pMwW
Polyiksiapllend, Wraridupbe iﬁbiﬁfiri(?sptﬂ AR RENPY e @IhACAhREA LA with
a pol & lgg/\anig [ ngrgﬁeedl enltzspz§0 100 Napht Ihem C l()llbg}%. 1:/0h I'I'aI I
AMP93 (2Mash¥RES. N - P-Pedpar bl Propyl ene gl yoal, met hy
NP-9 bgg/é ﬁghﬁeﬁhéﬁ& rs) (i/%%/(g Ri chnond, VAOS%?;&?j Wat er

10% of this concentrate was then added to 90% tap-water to give a stable
emulsion. A demulsifier, comprising a mixture of 50 parts of HITEC 152
_polyisoblitylene based tackiness additive, and 50 parts of a 10% solution of
Pluronic 1.-121 was then added to the emulsion, which subsequently formed

two layers of 0il soluble and water soluble parts. The water layer was cloudy.

Example 4

A soluble base is prepared by contacting the following ingredients:

100 Naphthenic oil 84.1%
Tall Oil Westvaco M-28B 2.3%
Tripropylene glycol methyl ether (mixed isomers) 1.1%
Richmond, VA Tap Water 0.5%
KOH 45% 1.3%

Polyisobutenyl succinimide ashless dispersant derived from 950MW
polyisobutylene, formed from reacting polyisobutenyl succinic anhydride with
a polyamine 12.9%

AMP-95 (2-Amino-2-Methyl-1-Propanol) 1.5%

NP-9 (para- nonyl phenol) : - 0.6%
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KOH 45% 1. 3% Pol yi sobut enyl succini m de ashl ess

di spersant derived from 950MN pol yi sobutyl ene, forned
fromreacting polyisobutenyl succinic anhydride with

a pol yam ne 12. 9% AMP-95 ( 2- Ami no- 2- Met hyl -1 - Propanol )
'1.5% NP-9 (para- nonyl phenol) 0.6% 10% of this
concentrate was then added to 90%tap-water to give a
stable emulsion. A demulsifier, Sanyo LB 1800X

(Pol yoxypropyl enebutyl ether) was then added to the
enmul si on, which subsequently forned two | ayers of oil

10%sd3lthid eorshtv@t arastHabhe@dedid 909 bep Waitef td givera ¥@able
cl oudy. Exanmple 5 A soluble base is prepared b

emulSipR & ASGUIHECT, Siartin g 180gPe edymepronvensbptiletberkwas

. ql o . |
thendiddcdied e oRuiioh, wARH KA60NARR, ol i RERY PO,
solublaparh verteDsAUbKCPhA S % The3Matdrubyez whas YYdudst er Gy- 241
- 1.6% pol yi sobut enyl succinim de ashl ess di spersant
derived from 950MN pol yi sobutyl ene, fornmed from
reacti ng pol yi sobutenyl succinic anhydride with a
pol yam ne 12. 9% NP-9 ( p&za&mpleny| phenol) 0.6% 10% of
this concentrate was then added to 90% tap-water to
A solgible bass tialpreparedibys contackirgethd &ilfowang iGgredienss: 1800X
(Pol yoxypr opyl enebutyl ether) was then added to the
100 Hthsﬂl@Iﬁﬁc ofhi ch subsequently forned two kayexs of oil

Tall 68/ Wek&aaBdv@d@r sol uble parts. The watgrgd,ayer was
TriprobPHde gl 8MRethf ether (mixed isomers) 1.1%
Richmond, VA Tap Water 0.5%
KOH 45% 1.3%
Lubrizol Syn-ester Gy-241 1.6%

polyisobutenyl succinimide ashless dispersant derived from 950MW
polyisobutylene, formed from reacting polyisobutenyl succinic anhydride with
-a polyamine 12.9%

NP-9 (para- nonyl phenol) 0.6%

10% of this concentrate was then added to 90% tap-water to give a stable
emulsion. A demulsifier, Sanyo LB 1800X (Polyoxypropylenebutylether) was
then added to the emulsion, which subsequently formed two layers of oil

soluble and water soluble parts. The water layer was cloudy.

Example 6

A soluble base is prepared by contacting the following ingredients:

100 Naphthenic oil 84.0%
Tall Oil Westvaco M-28B 2.3%
Tripropylene glycol methyl ether (mixed isomers) 1.1%
Richmond, VA Tap Water 0.5%
KOH 45% 1.3%

Lubrizol Syn-ester Gy-241 . ' 1.6%




A Sol ubl e base is prepared by contacting the follow ng
~ingredients: 100 Naphthenic oil 84.0% Tall QG

Westvaco M 28B 2. 3% Tripropyl ene glycol nethyl ether
(m xed isonmers) 1.1% Richnond, VA Tap Water 0.5% KOCH

45% 1. 3% Lubrizol Syn-ester Gy-241 1.6%

Pol yi sobut enyl succi ni m de ashl ess di spersant derived

from 950MWNV pol yi sobutyl ene, forned fromreacting

pol yi sobut enyl succinic anhydride with a pol yam ne

12.9% NP-9 (para- nonyl phenol) 0.6% 10% of this
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NP-b 6540685 hiowe, and 50 parts of a 10§ tion of
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subsequently fornmed two |ayers of oil soluble and
arts.. The r was cl oud

. - sol ubi |
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mean the fluids described herein for use in
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as selablg oibe Rhdgemicssntheteiflgads f detaiworking ﬂulds herem fall into

several classes including coolants, forming oils, treating fluids and preservative
fluids. The purpose of the metalworking fluid may be several fold. It may
lubricate the tool, remove metal chips from the path of the cutting device,
prevent corrosion of the work piece and of the cutting tool, remove heat and
other properties. Water being present in the metalworking fluid provides for
beneficial heat removal properties and often for low cost.

Depending on the specific application, the following types of chemicals
may be present in metalworking fluids: emulsifiers, coﬁpling agents, EP
additives, antiwear additives, antioxidants, pH Buffers, oil (Naphthenic,
parafinnic or other type), water (tap water, distilled water, deionized water,
treated water etc), biocides (bacteriocides and fungicides), foam inhibitors,
rust and corrosion inhibitors, and polymers to reduce the tendency for stray

mist in the work place. It is often desirable, though not essential, that the
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cost. Depending on the specific application, the

foll owi ng types of chemicals nay be present in

met al working fluids: emulsifiers, coupling agents, EP
additives, antiwear additives, antioxidants, pH
Buffers, oil (Naphthenic, parafinnic or other type),
water (tap water, distilled water, deionized water,
treated water etc), biocides (bacteriocides and
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of that metalworking equipment system utilizing metalworking fluid include
cutting oils, oil-based hydraulic oils, slideway oils and industrial gear oils.
These are often referred to as “tramp” oils, because they can contaminate the
‘metalworking lubricant. However, many of the so-called tramp oils cause
problems of compatibility if they contaminate the metalworking fluid, and may
cause the metalworking fluid to need to be disposed of. However, if the
metalworking fluid utilizes the emulsification system described herein, then it
- is possible to choose these other oils for use in the metalworking equipment

system so that they also contain this type of chemical. Note that the inclusion
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nmet al working fluid include cutting oils, oil-based
hydraulic oils, slideway oils and industrial gear
oils. These are often referred to as "tramp" oils,
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Applicant does not intend to dedicate any disclosed embodiments to the
public, and to the extent any disclosed modifications or alterations may not
literally fall within the scope of the claims, they are considered to be part of

the invention under the doctrine of equivalents.
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in the ensuing clains and the equival ents thereof
permtted as a matter of |aw. Applicant does not
intend to dedicate any disclosed enbodi nents to the
public, and to the extent any disclosed nodifications
or alterations may not literally fall within the
scope of the clains, they are considered to be part of
the invention under the doctrine of equivalents. WHAT
IS CLAIMED IS: 1. A demulsifier for use in an
emul sified oil system the denulsifier conprising a

WHATUS achanirhayd ng a hydrophilic Epophilic bal ance
value of Tess than about 5.0. 2. A denulsifier as
désch desulsifier] far mse, inreeriulsified gilisysictanthe demulsifier
conprises an ethyl ene oxi de/ propyl ene oxi de copol yner.

comiBisiAg desutfacfdararhasngeshydiugthilio ligophilid baldigreerdiut e less
hydrophilic [|ipophilic balance value is |ess than

than &bk 200. 4. A denul sifier as described in claiml,
wherein the hydrophilic |ipophilic balance value is
| ess than about 1.0. 5. A demulsifier as described in
claim1, wherein the emulsified oil systemis a

mjt %{ \cligrrnﬂlggielr%%r clié:sa}:?}bed in claim 1, wherein the surfactant

comprises an ethylene oxide/propylene oxide copolymer.

3. A demulsifier as described in claim 1, wherein the hydrophilic

- lipophilic balance value is less than about 2.0.

4. A demulsifier as described in claim 1, wherein the hydrophilic

lipophilic balance value is less than about 1.0.

5. A demulsifier as described in claim 1, wherein the emulsified oil

‘system is a metalworking lubricant.
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