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IMPROVED DEMULSE PERFORMANCE  *coooo2*  Hydraulic and industrial functional
fluids are required to exhibit a number of performance characteristics and
this is usually achieved by blending a base oil (stock) with a mufti
functional additive package. Conventional packages are designed for use in
Group I base stocks. However, the number of refiners producing Group II and
Group III base stocks has increased recently, and the use of these base
stocks has posed a number of-challenges :formulators not encountered with
Groups I base stocks. Group.II and III base stocks are-produced by hydro
processing and this reduces the aromatics content of the base stock
resuitins in differences in base stock solvency Differences exist between
different Group base stocks and between base stocks within the same Group
The reduced aromatics content of the base stock means that certain surface
active components used conventional hydraulic and industrial additive
packages such as demuistfiers. function well when used in Group I base
stocks do not always have sufficient solubility in all Group II and all
Group III base stocks For example, conventional demulstfiers such as
copolymers of ethylene oxide and propylene pride provides satisfactory
demulse performance and are fully soluble in Group I base oils at useful
tend not to be fully soluble in Group Q and Group III base oils Poor
demulsifier solubility results 1n formulated blends which are dull although
these may be merchantable. they will also exhibits derated performance due
to the presence of preciptates The latter are particularly troublesome as
precipitates can lead to clogging or blocking of the yen: tine filters
which are typically used in for excample hydraulic apparatus to maintain
fluid cleanliness Further. it hydraulic fluids become contaminated with
such precipitates, power transmission capability can be lost and the
possibility of equipment damage arises In accordance with the present
invention a specific type of compound hay been Identified which provides
Good demulse performance and which exhibits superior solubility m the range
of base oils formulators would 1i1:2 to use. including    14 May 2002 Group
II and Group III base oils. accordingly, the present invention provides the
use of an additive comprising an oil-soluble poilyoxypropylene glycol
mnonoalkyl ether for improving the demulse performance of a hydraulic or
industrial functional fluids Wherein the alkyl moiety of the monether is ,
n-butyl . B y improved demulse performance is meant the ability of an oil
to separate from water. The established test to evaluate the ability of
hydraulic and industrial oil to,separate from water is the ASTM D 1401. In
this test 40m1 of oil is mixed with 40m1 of water at 54C and the time taken
for the resulting emulsion to reduce to 3m1 or less is recorded. If
complete separation does not occur then the volume of oil, water and
emulsion present is recorded. Most hydraulic and industrial specifications
require separation to 37m1 of water and 3m1 of emulsion in less than 30
minutes. Typically, the polyoxypropylene glycol monoalkvl ether has a
number average molecular weight of 3000 to 6000, preferably from 3500 to
4500 and, more preferably of about 4100 In terms of physical properties,
the ether component typicaily has a viscosity at 40'C of about 360 to
4lOcSt. In a preferred embodiment the viscosity or the component is about
=I00 cSt at -~0C and about ~0 cSt at 100'C. The component usually has a
pour point of -I 5 to -35C, preferably about -22'C Useful polyoxypropylene
glycol monoalkyl ethers are commerciallv available or may be made by the
application or adaptation or brown techniques. The ether component is
typically employed in an amount of 0 5 .a to 4 0 wt %, preferably 1 to 3
wrt1 and more preferably 2 0 wt,i based on the weight of the fully
formulated fluids In a preferred embodiment of the invention the
polyoxypropylene ether described is used in combination with a copolymer of
ethylene oxide and propylene oxide Such a combination is capable of
providing even better demulse performance without detriment to the
cleanliness of the composition (as may be assessed by the clarity and
brightness of the finished fluid and by the Afnor wet filtrability test
using a 0.8 micron filter) When this combination is employed the amount of
the copolymer of ethylene oxide and propylene oxide required to give
effective-e demulse -2   14 May 2002 performance is significantly reduced
which allows for formulation of clear and bright finished lubricants when
using either Group I, II or III base stocks. Typically, the copolymer has a
mole ratio of units derived from ethylene oxide to units derived from
propylene oxide of 2.0:1 to O..i :1, preferab ly 0.6 ~ .1. In a preferred
embodiment the copolymer has a number average molecular weight of ?000 to
4500, preferably 3800. When this combination is employed the weight ratio
of the polyoxypropylene glycol monoalkyl ether to copolymer is 60: I to
10:1, preferably about 20:1. 



Base oils contemplated for use in this invention include natural oils,
synthetic oils and-mixtures~th~ereof~ Suitable oils als anclude~base stocks
obtained by isomerization of synthetic wand:~iaclc wax) as well as base
stocks produced by hydro cracking (rather than solvectt.e;ctractingj the
aromatic and polar components of crude oil In general, both the natural and
synthetic oils will each have a kinematic viscosity ranging from about 1 x
10'' m=/s to about -~0 r 10'" m`; s (about 1 to about =~0 cSt) at l00C.
although typical applications gill require each oil to have a viscosity
ran~ina from about 3 x l0'.m=,'s.to about ~ x li.I" m='s about ~' to about
8 _cSt) at l00C Vatural base oils Include animal oils, vegetable oils (e a
, castor oil and lard oil), petroleum oils, mineral oils) and oils derived
from coal or shale The preferred natural base oil is mineral oil The
mineral oils useful In this Invention include all common mmerai oil base
stocks This would include oils that are naphthenic or parat~inic in
chemical structure Oils that are refined.bv conventional methodology using
acid, alkali. and clay or other agents such as.alumirium-.chloride. or they
may be extracted oils produced, for example, by solvent extractton with
solvents such as phenol, sulfur dio~ctde. furfural dtchlorodtethvl ether
etc Thev may be hvdro treated or hvdrorefined, dew axed b~~ chilling or
catalvnc dewaxinU processes, or hvdro cracked The mineral oil may be
produced from natural crude sources or be composed of isomertzed wax
materials or residues of other retinina processes -fvptcallv the mineral
oils will have ktnematic viscosities of from ? ~c 10- m ;~s to i? x 10-^
m='s (? cSt to l? cSt) at 100C The preferred mineral oils have kinematic
vlscosities of From ~ ~c l0~' m='s to l0 r 10- m=is (3 to l0 cSt), and most
-3   14 May 2002 preferred are those mineral oils with vtscosittes of ~ Y
(0-6 m='s to 9 ~c 10' m`1s (~ to 9 cSt) at 100C. Synthetic oils useful in
this invention include hydrocarbon oils and halosubstituted hydrocarbon
oils such as oligomerized; polymerized; and interpolymerized olefins [e.~.;
polybutylenes, polypropylenes; propylene, isobutylene copolymers,
chlorinated polylactenes, poly(1-hexenes), poly(1-octenes), and mixtures
thereofj; alkylbenzenes [e.g.) polybutylenes, polypropylenes, propylene)
isobutylene copolymers, chlorinated polylactenes, poly(1-hexenes), poly
(1-octenes) and .mixtures ~thersof~; alkylbertzea~s;,[e:~:,
dodecvl-benzenes) tetradec~ylbenzenes, dinony~=benzenes^~and
di(3-e~vlhex~rljbene~;~.paiyphenyls ~[e. ~:, biph~er~yls, terphenyls;
allcylated~:polyphem~rls~; and.alkylated diphenvl ethers, alkvlated
Biphenyl sulfides, as well as their derivatives, analogs, and homolo~s
thereof. and the like. The preferred synthetic oils are o(iaott~ers of
-olefins) particularly oliaomers of Idecene. also known as polvalpha
olefins or P.~O~s Synthetic oils also include al.)ivlene oxide.pDlvmecs_
anterpolymers, copolymers, and derivatives thereof where the terminal
h~~droxv( ~>roups have been modified by estertticauon or etherthcatton This
class of ~vnthetic oils ~s -exemplified bv. polvoxvalkylene po(ymeTS
prepared by po(ymenzatton of ethylene o~tde or propylene oxide. the alkyl
and-arvl-et~h~;rs~f-these pol~-o~cva!kv(eae polymers (e ~ (
methyl-po(vtsopropy(ene glycol ether having an average molecular we~aht of
1000, d~phenv( ether of polypropylene glycol l~avmg a molecular we~~ht of
100- L Q00); and mono- and poly-carboxvl~c esters thereof ~e g., the acetic
acrd .esters, mixed C,-C~ fatty acid esters, and C~,oxo,acid dtester-~of
tetraethy(ene gl~rcol) another suitable class of synthetic oils comprises
the esters or dicarborylic acids (e a , phthaltc acid. succmtc actd~ alkyl
succinic adds and alkeav l ~ucctatc acids, maletc acid, azelatc acid,
subertc acrd. sebac~c acrd. tumartc acid, adipic acrd, inoleic acid dtmer,
malontc acid, alkvlmaloatc acids and alkenvl ma(ontc acids) with a vanetv
of alcohols (e a , butyl alcohol, hexvl alcohol. dodecvl alcohol.
?-ethylhexyl alcohol, ethylene glycol, d~ethylene glycol monoethers and
propylene Ulvcol) Specific examples of these esters Include dibutyl
adipate, di(3-ethvlhexvl) sebacate, dt-n-hexyl fumarate, dtoctvl sebacate,
ditsooctvl azelate ditsodecvl aze(ate, dtoctyl -4   14 May 2002
isophthalate. didecvl phthalate. dieicosyl sebacate) the 3-ethylhexyl
diester of linoleic acid dimer, and the complex ester formed by reactin~
one mole of sebacic acid with nvo moles of tetraethvlene glycol and two
moles of 2-ethyl-hexanoic acid. A preferred type of oil from this class of
synthetic ods are adipates of C; to Ciz alcohois. l;sters useful as
synthetic oils also include those made from C~ to Ci2 monocarboxylic acids
and polyois and polyol ethers such as neopentyl glycol, trimethylolpropane
pentaerythritol, dipentaerythcitol and tripentaerythritol. Sili~conibaaed
oi,~ (suchvas~thepolyalk~l-, poiyarxrl-, poiyalkoxy-, or polyaryfoxy
silo~eane oils-end ~ilicatebilsj ~compt~se~anther~useful class of
sytithetio lub~icatin~ oils: Th~se.~oils ~ine(ude tetra~thvl silicate:
tetraisopropyl silicate, tetra(3-ethvlhexyl) silicate,
tetra-{4-methyl-2-ethvlhexvl) silicate, tetra-(p-tertbutv(phenvl) silicate,
he;~a-{4-methvl-=-pentoxv)-disiloxane. polv(dimethvl)siloxanes and poly
(methv(phenvl) siloxanes. Other synthetic lubricating oils include liquid
esters of phosphorus containing acids (e o . tricres~l phosphate.
tnoctvlphosphate, and diethyl ester of dec~~lphosphonic acid). polymer is
tetrahvdroturans and poly-olefins. The base oils may be derived from
refined, re-refined oils. or mt~tures thereof L-nrefined oils are otrtained
directly froth a natural source or wnthetic source (e a , coal, shale. or
tar sands bitumen) without further puntication or treatment Examples of
unret-teed oils include a shale oil obtained directly from a retorting
operation, a petroleum~oil obtained directly from distillation, or an ester
oil obtained direcdv: fromwan ~esterification process, each of which is
then used without furth~er~treatmeat. Refined oils are similar to the
unrefined oils except that refined oils have been created in one or more
purification steps to ~mpro~~e one or more properties Suitable purification
techniques include distillation. hvdro treating, dewaxina. solvent
z~ctraction, acid or base extraction, filtration. and percolation, all of
which are known to those skilled in the art Re-refined oils are obtained by
treating used oils in processes similar to those used to obtain the refined
oils These re-refined oils are also known as reclaimed or reprocessed oils
and are often additionally processed by techniques for removal of spent
additives and oils 



-5   14 May 2002 breakdown products. White oils, as tau5ht in L~ S.
~.?~6.~90 may also be used as the base oil, especially for turbine
applicatioas. In an embodiment of the invention the base oil is a Group I,
Group II. Group III or Group IV base oil. The use of Group II or Group III
base oils is preferred. The :~merican Petroleum Institute has catesorized
these different base stock types as follows: Group I, >0.03 wt% sulfur,
and/or <90 vol% saturates, viscosity inde:c between 80 and 120; Group II,
0.03 wC% sulfur, and 90 vol% saturates, viscosity inde:c bet<veen 80 and
l20; Group III, 0.03 wt% sulfur, and 90 volf satutatES~, viscosity index~>
120; Group IV, all polyalphaolefins. Eiydro treated basestocks -and
cataiytical~ly ~dewax~d base stocks, beeause-of-th~eir low sulfurand
aromatics content. ~eaerallv~ fall into the Group v and Group III
categories: Polyalphaoletins (Group iV base stocks) are synthetic base oils
prepared from various alpha olefins and are substantially tree of sulfur
and aromatics The functional fluids may be prepared by simple blending of
the various components w ith a suitable base oil For the sake of
convenience, and in another embodiment of the present invention, the
adduive components used in practice of this Invention may be provided a5 a
concentrate for formulation into a functional fluid ready for use. The
concentrate may comprise, in addition to the fluid components, a solvent or
diluent for the rluid components The solvent or dihaent should be mis.clble
~.uitl andior capable of dissolving in the base oil to which the
concentrate is to be added Suitable solvents and diluents are well known
The solvent or diluent may be the base oil of the functional fluid itself.
The~concentrate may suitably Include agv of the conventional additives used
in hydraulic and industrial applications. The proponions of each component
in the concentrate are controlled by the intended deUree of dilution.
chou~h top treatment of the formulated tluid is possible Ocher additives
commonly used in fluids for hydraulic and industna( applications may be
included in the compositions or concentrates of the present invention These
include antioxidants, dispersants, fnction modifiers. detergents, antiwear
and/or extreme pressure agents, rust inhibitors and corrosion inhibuors
These additives, when present, are used in amounts conventionally used in
such -6   14 May 2002 applications Some additives may be included in the
concentrate and some added to the fuilv formulated fluid as a top-treat.
Examples of hydraulic and industnal applications where the present
invention may be employed include hydraulic oils, turbine (R&O) oil,
compressor oils, slidewav oils, paper machine oils. The following examples
illustrate the present invention. Example 1 ~. functional fluid was
prepared by blending an additive package comprising the components listed
below with a~~base.stock: .The treat rate of the additive~package.
was_0.8~~`0. RustInhibitor6.00 wt ':antioxidants3~.~~0 wt .'Process
oill.130 wt' 



:~ntiwear and/or extreme pressure agenta o0 00 t ' IDemuls~fie:..00 L~--ta
The demuisitier was a polyoxvpropylene ~lvcol monoall:vl ether having a
weight average molecular weight of about -l l00 The fot~nulated tlutd was
then subjected to tile .~ST~1 D~-l01 demulse test The wet tiltrability of
each fluid was assessed using _~,fnor E48-69l (wet) test In the latter a
water-treated fluid is tittered under conditions of constant pressure and
temperature through a membrane with a determined ahsoiute stopping power.
The tiltrability index of the fluid.~~~is defined for a given fluid by the
ratio, fF = T~oa-T=oo ?(Too-To) ~n ~.~.iiic;i T;"" is the passage ume,
through the membrane. or Q00 cm' of fluid T'_~~ is the passage tune,
through the membrane. or .00 cm' of fluid. T';o~) is the passage time,
through the membrane. of 100 cm' of tZuid T." is the passage time) through
the membrane, of ~0 cm' of fluid The fF ratio therefore consists of
comparing the filtration speeds of the fluid in the course of the test The
ratio as well as the filtration speed of the various   14 May 2002 segments
for each sample are indicative of the ease of filtration of the fluid .-W ~
value of less than l indicates a fault in the test method. The closer the
IF value to l, the better filtrabilitv of the tluid. If during testing the
membrane becomes clogged an abort result is recorded. The results are shown
in the following table which also identifies the kind of base oil used in
formulating the fluid. Table 1 Base Oil (Group),~BP.'~SO
32Petrocanada~:Excel. ISO 32`.Yubas,a~6(nsPe ~ ALT ~~(a)(B)D l401iTime to 3
i ml water1 113 0~9 -t01 ti -t2Time to 3 ml emulsionl i13 0~49.~016
-L2Etesult at 30 minutes~0/.i9/tlCia0i0-t0/-10/0-t0/39/1.~tnor Dryl 09--1 1
S.~fr~or `i'et- 1 .~~t -__l 6`~ These results demonstrate that the
pol~~or~~propvlene alvcol monoaLkv( ether used ~n accordance wuh the
present ~menuon enables sausfactorv demulse and 



tiltrab~litv when used in a variety of base stocks It ~s noteworthy that
acceptable results are obtained even when Group II and Group ITI base stock
are used _g_   14 May 2002 Examyle 3 :~ddmve packages :~ and B were
prepared contanun~ the following components. A (wt %)B (yVt
%)Detergents7.887.88Rust
Inhibitor66Antioxidants23.0D23.00Demulsifie,~'0.7S0.1Demulsifi~er-'-Process
oil1.021.02:~ntiwear and/or e:cueme pressure agent60.0060.00 Copolymer of
ethylene oxide and propylene o~tde :~ polvowpropylene ;lvcol monoalkvl
ether having a number average molecular wetaht of about =t 100 Functional
tlutds were then formulated by blendtn~ each additive package at a treat
rate of 0 S~' with vanous base ~tocas Each tlutd was then subjected to the
~ST'~I D 1401 demuise test and to the .-~tnor fiitrab~lttv test. The
appearance of each fluid was also assessed msuallv T'he~r~-sulxs are ~l~oun
an the folloivina table which also Identifies die kind of base stock used
_g_   N 0 0 N `a' r g()~Z17Zbly' IZl II Z f ~~ f I Ilam .myl~t-1
Ifil'~I01'I 'SL I(i() LCI I~CI(I.~c~pl~!y~ ~.ot(ali~l~ lal~~'tJ(I nll(~tt~y
Wl,ltin[fit Icl1y i nlpug Fey;)alt;ltdiaa.rd) IIt~Qpug' .reapatOolma.ol)
IICIpur, ieal;7Ime my, )~~m~ ir.~cicid_ ___ _ .m~yr.muasZt% 1 t60'L19Z'SI
I, SZ (,ZZ()IQh/()I7 c ~mn,l.8g SLL'St9Z SS f I ISZ GL() ZZmo`f~,w, pn Iv
co'~mn,f.gg SLl'St9Z~SSI I 1OS LL() ZZ'~~''~''` 1'a LE,
~t~m',I,IObICIFIw'~l`d '~Ettt' -__,a9yw,cl anrlyo`v'9 asnqn~ 



(lll~ll) Z. guo,m~ liclolnt )(I)c)h ()~l ()SS:1(c m,ir)? Its aceff 0 Z
alcl~',1.   14 May 2002 These results demonstrate that use of a
polyoxvpropylene jlycol monoalkyl ether in combination w tth a relatively
low concentrate of ethylene oxide.%propylene oxide copolymer leads to
satisfactory results in all base stock types. In particular it should be
noted that addition of the ether compound leads to improved appearance when
the combination is used in the Group II and Gmup III base stoclLs. When
additive package A is used in these base stocks a dull appearance is
observed, and a precipitate forms after aging., In~coatrast, when~additive
package B is used in the sane base stacks, the appearance.of
the~:farmu~latinn was cieaz=end bright without .prec~ipitatioa-after aging.
Addition bf the eeher:at5-gave si~nif taut;improvements in~demuise
performance and; with one exception; :~fnor filtrability. Example 3 Rust
and oxidation -turbine oils were prepared by blending additive packaee C
and D. comprising the components listed below. with a base stock. The treat
rate was 0.8..o wt .-~ddmve~ac3zaaes _~ and B were prepared cDntamiria the
following components C ~LVt ~o ~D ~W2 ~o )_~ntio~dant6060Rust Lnh~b~tor( `
I( ~ Corrosion Inhibitor 3iDemulsttier `0.020 0Demuls after--_ Copolymer of
ethylene oxide and propylene oxide ~ pol~~oy propylene ~;Ivcol monoalky
ether hay m~ a number aL~era~e molecular we~Uht ot~ about -1100 



Each formulated oil evas then subjected to the .aSTLf D l-IO l demulse test
The results are Shown m the ~ollowtn~ table cvh~ch also identifies the kind
of base stock used -L1   '1'~~hle 3 tia;e uil ((;ic~ii ~) 'I:SS() IS()
=~6(()155() IS() 6~i (I)(CLOP 1S0 32 (1"I)AL_Utt 1S() 68 (1)f~ciciiove
I'uc.kyc('17('I)(;U('I)1)14t)1'I'im~ to 37 i1 wme~23 ?b9 ?72t1
a7t0.5517.482.3233.1I >.~2Time to 3 iI emulsion23 28~) 37?8 =~7I
O.SS17.02.3233. It 5 ~2fZ~siilt at 30 i ii~i~tes~l I /3~)/U4 I
/39/U=I(J/.i~~/ I41/3e1()44/,40/()44/40l438/32I f t)41 /391U N N O O N   14
May 2002 The results demonstrate that addition of the polyoxypropylene
glycol rnonoalkyl ether provides improved demulse performance in all of the
base stocks tested without leading to dull blends in Group II and Group )II
base stocks. Use of higher levels of the copolymer of ethylene
oxidelpropylene oxide was found to improve demulse performance in the D
1401 test but led to dull blends when formulating with the Group II and
Group III base stocks. , -13   _y_ y :0~ tnoqt' sr .taw.tjodoa oa aaqaa
~~IEOUOw ~oai.~n aual~do~d~Cxo~~od aq~ 30 ot7u.~ tq~tan~ aqa ma~aq~, `b
Twrgta o1 nurpaoaau asn ' T T ' 1=Ol o~ 1 ~09 s! law^lodoa of ~at~aa
~~~uouou~ ~oa~~n aua~~do~d~Cxon~od aq; 30 ot~ul aq4ran~ aqa wataqm `~ 6 of
GsmE~a3o auo !uE at auip~oaae asn  0 T OOStr o~ 000c.~o tuniaM ~Elnoa~om
a~e~an~ laqwnu t' sEq law~(lodoa aq~ utaiat~n~ ` g.~o G wrula of awp.toaat'
asn 1 S9'0 st aptxo aualicdcnd u~ot3 panuap stun oa aptxo auaj~tt~Ia wo3~
panuap s;tun ~o ota~s ajow aq~ iawyadoa at~1 ur maiaqn~ `Gwl~~a oa
Dutpioaae asn  g apixo auaj~do~d puE aptxo aua~,~qaa 3o iaw~~odoa a
sasudwoa iat~~n~ anutppE aua utalaqnn `swrgia nutpaaaid aqt 3o auo ~trze oa
~'urp~aaae asn ' G pyp atJt~o tqyan~ ~eaoa at~~ uo pasgq 



%~ 0't% o~ c~p~o aunowe u~ p tuasa~d st iaq~a j~~EOUOw ~oa~(Ia
aua~~dosd~xo~lod at~a uta~aqnn `swieja auipaaa.td aqa 3o auo due oa
ourp~oaa~ asn ' 9 00l tr lnoq>; 30 ~t~~tan~ iEjnaa~ow apwane iaqwnu >? sEq
.taqaa ~~~eouow ~oa~Cj~ aual~dotd~xo~f~od aq~ utataqnn `tr wrt'~a of
autp~oaat; asn 'S '000S o~ OOOZ 3o a~I~Ia~"' ~lnaaJow a~paanu iaqwnu B st:q
~aq~a Il~~t:ouom loath auaj~tdoadixo~jod atp utataqnn ` oa j sutt~e~a 3o
auo I~ut: oa ~utp~oaas asn yo aseq Iu dnot~ .to-n dnot~ ~ st Rio aseq aqa
tnataqnn `z unt'ja oa ~utptoaat' ash -po aseq N dnw~ .to m dnoJ~ `~ dnoa~
`I dnot~ a st jto aseq aq1 utaiat~nn `j wre~o oa ~utp~oaaii asn 'Z -l~nq-a
st iaq~aouow aqa~o fuatou~j~~jE ay utaaai~n~ `-~pjn~ IEUOpaun3 ~t?wsnpy .to
oi~nt~tp~Ct~ >? 3o aaui'wio3.tad asJnwap ay ~UIA01dw1 i03 .rat~~a l~l~ouow
~oa~Ia auatldotd~xo~Jod a~qn~os-ho ut: ~ysudwoa annippe ut:;o asn SWI~''I~
ZOOZ ~~W i~6 .A.A(.A,.Ay.A.A .A&,.A .A 9A.9.A&A.9l.Al?.AU6KVI0
%)I/"u"$$R%''')}xrmhc]X]caU]ca]ca]ca]caV]ca]ca]ca]caU]ca]ca]ca]ca]ca]caU]ca
]ca]ca]ca]ca]ca]caU]ca]c<aU]c<a]ca]ca]ca]ca]cTa]caU]ca
)7*,11)1125f66819s:z:::;O;
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