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DEMULSE PERFORMANCE Hydraulic and i&dh%0i011Q8Fio8d 1 ui ds
are required to exhibit a number of performance characteristics and this
is usually achieved by bl ending a base oil %stock with a multi functional

addi tive package. CorldRR{(ondil (fAMESRIEIGNS EEHBEHNG MPROYED i n %c@g&g Bmm
11 base stacks has | ncreased r CEBIVISE PERICQAANCE of these base stocks
has posed a nunber of challenges to f ormul ators not encountered with G oup
| base stocks. Goup Il and Il base stocks are produced by hydro
processi ng and t hi Hydneelitaesintiserid famabha sluedsniertuiodd tbrehibasenshinglof
resulting in differences in base staock ) . .

performance characteristics and this is usually achieved by blending a base oil (stock)

with a multi ﬁmctiona-ﬂ 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 to formulators not encountered with Group I base

stocks.

Group II and IIT base stocks are produced by hvdro processing and this

reduces the aromatics content of the base stock resulting in differences in base stock

solvency. Differences exist between different Group base stocks and berween base

stocks within the same Group. The reduced aromatics content of the base stock

means that certain surface active components used in conventional hydraulic and

industrial additive packages, such as demulsifiers, that. function well when used in

Group I base stocks do not always have sufficient solubility in all Group II and all

Group ITI base stocks. For example, conventional demulsifiers such as copolvmers

of ethvlene oxide and propvlene oxide provide satisfactory demulse performance and

are fully soluble in Group I base oiis but, at useful concentrations, tend not o be fullv

soluble in Group II and Group II base oils. Poor demulsifier solubilitv results in

formulated blends which are dull. Although these may be merchantable, they will
. also exhibit derated performance due to the presence of precipitates. The latter are

particularly troublesome as precipitates can lead to clogging or blocking of the very

fine filters which are tvpically used in. for example hvdraulic apparatus. 10 maintain

fluid cleanliness. Further, if hvdraulic fluids become contaminated with such

precipitates, power transmission capabilitv can be lost and the possibility of

equipment damage arises.

[n accordance with the present invention a specific type of compound has
been identified which provides good demulse performance and which exhibits
superior solubility in the range of base oils formulators would like to use, including
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sol vency. Differences exist between different G oup base stocks and between
base stocks within the same G oup. The reduced aromatics content of the
base stock neans that certai n surface active conmponents used in

conventi onal ndustrial additive packages, such as
denmul sifiers, e‘¥ ‘Eg{? d/\k@s \I}\ﬁ'nen used in Goup | base stocks do not
al ways have SUf fich %%rdﬁlgw"me néﬁ\énﬂ dlﬁvéﬂuong&h‘(ﬁ)es tlhe %f% laddlffz\"g Hcpmpn%'?base

st ocks. For exanple convent enul'srfrers suc as “copol'y

ethyl ene oxi dgn gitdolRbRYHVIEREpRIYIdEe B intkthoaRky] &hadbpInypBGRY kifedihaifor mance
and are fully soluble in Goup | base oils bat, at useful concentrations,

tend not to bpermltnlayce@fcﬂh,lkdlr@hpm@dualpallﬁmctwmdlﬂmdup 11 base oils. Poor
denmul si fier sol ubi lts in ormul at ed bl ends _which are dull.
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of the very toiseparhtelfichi svawhiscthe ASTM DRUCE I ¥his' @60t of bANis mraub
hydraul ic apparatus, to maintain fluid cleanliness. Further, if hydr aulic
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use, includi rt@qulre separanon to 37ml of water and 3ml of emulsion in less than 30 minutes.

Typically, the polyoxypropvlene glvcol monoalkyl ether has a number
average molecular weight of 3000 to 6000. preferably from 3300 to 4500 and, more
preferably of about 4100. [n a preferred embodiment of the invention. the alkvi
moitety of this component is n-butyl.

In terms ot physical properties, the ether component typically has a viscosity
at 40°C of about 360 to 410cSt. In a preferred embodiment the viscosity of the
component is about 400 cSt at 40°C and about 30 cSt at 100°C. The component
usuallv has a pour point of 13 10 =33°C, preferably about -22°C. Useful
polvoxypropylene glycol monoalkyl ethers are commercially available or may be
made by the application or adaptation of known techniques.

The ether component is typically employed in an amount of 0.5 % to 4.0 wt
%, preferably | to 3 wt% and more preferably 2.0 wt% based on the weight of the
fully formulated fluid.

In a preferred embodiment of the invention the polvoxvpropvlene ether
described is used in combination with a copolymer of ethylene oxide and propvlene
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 demulse
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"Goup Il and Goup IIl base oils. Accordingly, the present
i nvention provides the use of an additive conprising an oil-soluble
pol yoxypropyl ene glycol nonoal kyl ether for inproving the denul se
AR RN CE T W R E R I
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copolymer has a mole ratio of units derived from ethylene oxide to units derived
from propylene oxide of 2.0:1 10 0.3:1, preferably 0.65:1. In a preferred embodiment
the copolymer has a number average molecular weight of 2000 to 4500, preferably
3800. When this combination is employed the weigﬁt ratio of the polyOX};propylene
glycol monoalkyl ether to copolymer is 60:1 to 10:1, preferably about 20:1.

Base oils contemplated for use in this invention include natural oils, svnthetic
oils and mixtures thereof. Suitable oils also include base stocks obtained by
isomerization of synthetic wax and slack wax, as well as base stocks produced by
hydro cracking (ratber than solvent extracting) the aromatic and polar components of
crude oil. In general, both the natural and svnthetic oils will each have a kinematic
viscosity ranging from about 1 x 10* m¥s to about 40 x 10 m*/s (about 1 to about
40 cSt) at 100°C, although tvpical applications will require each ol to have a
viscosity ranging from about 2 x 10" m*/s 10 about 8 x 10* m*/s (about 2 to about 8
cSt) at 100°C. '

Natural base oils include animal oils, vegerable oils (e.g., castor oil and lard
oil), petroleum oils, mineral oils, and oils derived trom coal or shale. The preferred
natural base oil is mineral oil.

The mineral oils useful in this invention include all common mineral oil base
stocks. This would include oils that are naphthenic or paraffinic in chemical
structure. Qils that are refined by conventional methodology using acid, alkali, and
clay or other agents such as aluminum chloride, or they may be extracted oils
produced, for example, by solvent extraction with solvents such as phenol, sulfur
dioxide, furfural. dichlorodiethyl ether, etc. Thev may be hvdro ireated or hvdro-
refined, dewaxed by chilling or catalytic dewaxing processes, or hydro cracked. The
mineral oil may be produced from natural crude sources or be composed of
isomerized wax materials or residues of other refining processes.

Typically the mineral oils will have kinematic viscosities of from 2 x 10
m¥s to 12 x 10® m*s (2 cStto 12 cSt) at 100C. The preferred mineral oils have
kinematic viscosities of from 3 x 10° m*/s to 10 x 10 m*/s (3 to 10 cSt), and most
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to separate fromwater is the ASTM D1401. In this test 40m of oil is mxed

with 40m of water at 54C and the time taken for the resulting enulsion to

reduce to 3ml or less is recorded. I|f corrpl ete separation does not occur

then the volu wat er d_enul re.se or, ed~

hydraul . andreleratarnase s PIE it aiSo el s I 807 Gogmioon

and 3rr? za@@ sion in less than 30 m nutes. Typ| cally,
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mixtures thereof]; alkylbenzenes [e.g., polybutylenes, polypropylenes, propylene,
isobutylene copolymers, chlorinated polylactenes, poly(1-hexenes), poly (1-octenes)
and mixtures thereof]; alkylbenzenes [e.g., dodecvl-benzenes, tetradecylbenzenes,
dinonyl-benzenes and di(2-ethvlhexyl)benzene]; polyphenyls (e.g., biphenyls,
terphenyls, alkylated polvphenyls]; and alkvlated diphenvl ethers, alkvlated diphenyl
sulfides, as well as their derivatives, analogs. and homologs thereof. and the like.
The preferred synthetic oils are oligomers of -olefins, particularlv oligomers of 1-
decene. also known as polvalpha olefins or PAQ’s.

Svnthetic oils also include alkvlene oxide polvmers. interpolvmers,
copolymers, and derivatives thereof where the terminal hydroxyl groups have been

modified by esterification or etherification. This class of svnthetic oils is

‘exemplified by: -polyoxvalkylene polymers prepared by polymerization of ethylene

oxide or propylene oxide; the alkyl and-arvl ethers of these polvoxvalkvlene
polymers (e.g.. methyl-polvisopropylene glvcol ether having an average molecular
weight of 1000, diphenyl ether of polvpropvlene glvcol having a molecular weight of
100-1500); and mono- and poly-carboxvlic esters thereof (e.g., the acetic acid esters,
mixed C;-C; fattv acid esters, and C,,0xo0 acid diester of tetraethylene glycol).
Another suitable class of synthetic oils comprises the esters of dicarboxylic
acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenvl succinic
acids, maleic acid, azelaic acid, suberic acid. sebacic acid. fumaric acid, adipic acid,
linoleic acid dimer, malonic acid. alkvimalonic acids and alkenyl malonic acids) with
a vanety of alcohols (e.g., butyl alcohol, hexvl alcohol. dodecyl alcohol, 2-ethylhexyl
alcohol, ethylene glycol, diethylene glycol monoethers and propylene glvcol).
Specific examples of these esters include dibutyl adipate, di(2-ethvlhexyl) sebacate,

di-n-hexyl ftumarate, dioctyl sebacate, diisooctyl azelate, diisodecvl azelate, dioctyl
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made by the application or adaptation of known techni ques. The
ether conponent is typically enployed in an amount of 0.5 %to 4.0 wt %
preferably 1 to 3 w% and nore preferably 2.0 w % based on the wei ght of

. i d. . d s f. the
vent i ot nd PRICiA SiFsShehvhelasiricarbt SotRisie e AR AatAsIoRbEplSe i ¢
a copol ymer of; il 6R¢ tMo%lMt&%’l@@d@%@&c@?ﬁgﬁe mglé%ﬁ%#?cg%’i@%fhon S,

capabl e of providing even better demnulse nce wt trinent to

the cleanl i nas® mdles dfecrcatipdsictd om] 6RG twipkolRe oABSBFbREkahyictabRl. £l arity and
brightness of the finished fluid and by the Afnor wet filtrability test

using a 0.8 rarefewed fype okeif fronwibis alass of synvitioails ere adipatesof GywdCihe anount of
the copol yner gfl et hyl ene oxi de and propyl ene oxide required to give
ef fective derfifodgls - 2-

Esters useful as synthetic oils also include those made from C; to C,,

monocarboxylic acids and polyols and polyol ethers such as neopentyl glycol,
trimethylolpropane pentaerythritol, dipentaerythritol and tripentaerythritol.
Silicon-based oils (such as the polyalkyl-, polyaryl-, polyalkoxy-, or
polyaryloxy-siloxane oils and silicate oils) comprise another useful class of synthetic
lubricating oils. These oils include tetra-ethyl silicate, tetraisopropyl silicate, tetra-
(2-ethylhexyl) silicate, tetra-(4-methyl-2-ethylhexyl) silicate, tetra-(p-tert-
butylphenyl) silicate, hexa-(4-methyl-2-pentoxy)-disiloxane. polv(dimethyl)-
siloxanes and poly (methviphenyl) siloxanes. Other synthetic lubricating oils include
liquid esters of phosphorus containing acids {e.g.. tricresvl phosphate.
trioctylphosphate, and diethyl ester of decylphosphonic acid), polymeric tetra-
hydroturans and poly-olefins. 1
The base oils may be derived from refined, re-refined oils. or mixtres
thereof. Unrefined oils are obtained directly from a nawral source or svnthetic
source (e.g., coal. shale, or tar sands bitumen) without further purification or
treatment. Examples of unrefined oils include a shale oil obtained directly from a
retorting operation, a petroleum oil obtained directlv from distillation, or an ester oil
obrtained directly from an esterification process, each of which is then used without
further treatment. Refined oils are similar to the unrefined oils except that refined
oils have been treated in.one or more purification steps 1o improve one or more
properties. Suitable purification techniques include distillation, hvdro treating,
dewaxing, solvent extraction, 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
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performance is significantly reduced which allows for formulation of clear
and bri ght finished lubricants when using either Goup I, Il or IIl base
stocks. Typically, the copolymer has a nole ratio of units derived from

[ [ deriyved ..f ' f 2.0:1to O, 3:1,
or ol er bl y. 0. Btor SrRadFL W Rite it b BUBROR S5 7RSSR ok Pe Fse s tonber

aver age nol e?b‘zis@roil"\@sipgﬂﬁl%ﬁfor%Qgﬂﬁtaﬁglﬂ;tiﬁgns. preferably 3800. When this

conbi nation is enploye e weight ratro of the pol yoxypropyl ene gl ycol

monoal kyl ether t olncopmibodihed: o1 4Q:idvdntiod Giebasdbie{ser @Ry [abRID 12 Grbup
Base oils contenplated for use in this invention include natural oils,
synthetic  olll er GregpiV base @b Theewseof Grauy HabGeoup kbast sids isrpréfarted base

e ot o P e ARGl Pl Rl 3 Shleforied iBE oRe it o "'
- types as follows: Group [, >0.03 wt% sulfur, and/or <90 vol% saturates, viscosity
index between 80 and 120; Group II, 0.03 wi% sulfur, and 90 vol% saturates,
viscosity index between 80 and 120; Group III, 0.03 wt% sulfur, and 90 vol%
saturates, viscosity index >120; Group IV, all polyalphaolefins. Hydro treated base
stocks and catalytically dewaxed base stocks, because of their low sulfur and
aromatics content. generally fall into the Group II and Group III categories.
Polyalphaolefins (Group IV base stocks) are synthetic base oils prepared from
various alpha olefins and are substantially free of sulfur and aromatics.

The functional fluids may be prepared by simple blending of the various
components with a suitable base oil.

For the sake of convenience. and in another embodiment of the present
invention, the additive compbnents used in practice of this invention may be
provided as a concentrate for formulation into a functional fluid readv for use.

The concentrate may comprise, in addition to the fluid components, a solvent
or diluent for the fluid. components. The solvent or diluent should be miscible with
and/or 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 any of
the conventional additives used in hydraulic and industrial applications. The
proportions ot each component in the concentrate are controlled bv the intended
degree of dilution, though top treatment of the formulated fluid is possible.

“Other additives commonly used in fluids for hydraulic and industrial
applications may be included in the compositions or concentrates of the present
invention. These include antioxidants, dispersants, friction modifiers, detergerits,
antiwear and/or extreme pressure agents, rust inhibitors and corrosion inhibitors.

These additives, when present, are used in amounts conventionallv used in such
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hydro cracking (rather than solvent extracting) the aromatic and pol ar
conponent s of crude oil. In general, both the natural and synthetic oils
wi |l each have a kinematic viscosity ranging fromabout 1 x 10[err]
merr]/s to apauli A0 §ori'19£1@dlﬁ‘}es%£f He]tﬁéluﬁ@@‘ﬁ%e dorlcBhtAROMd sorr?toacﬁi%H)to at
100[err]C, a ougoh typical applications will require each oil to have a
vi scosity ramgifiify forfilaceddluid & axtopfear. r | rr[err]/s to about 8 x 10[err]
nferr]/s (about 2 to about 8 cSt) at 100[err]C Nat ural base

oi I's include ani netampl¢ssof h\vé@éhcam némsusal(a@plgcanoewbmtfmre%mmv&mon oil),
petroleumoils, mnera and oi | coal or ale. The
preferred ?%P%FmB{Qs‘;%d Gf uﬁ?g lHk"r(ﬂfs me %&6 il Coﬁ?éesﬁ?’i%lrsal oils
useful int 'n{lEiuHE' common mneral oil base stocks. This
woul d i ncl queﬁig?v?VS{%th&ére nap eni c or paraffinic in chem cal

structure. Ols tTwdfollowingekamplds Ninseas e dreseatinvemionodol ogy using aci d,
al kali, and <clay or other agents such as alum num chloride, or they may be
extracted oils p@mudeﬂ, for exarrpl e, by solvent extraction with solvents

h h |, rf hl di et th t Th
may Do hydr o t ok SRHPR B LY blsatak an e e e PSR 1 ¢
devexi ng_pr QRES5ondils [BHERIGSS 8 asciScc, THR% rafd b WEA MYl from

natural cru sources or conpose I soneri zed wax naterials or
resi dues of wish®e8s%efini ng processes. Typically the mneral oils
will have kinemntic viscosities of from?2 x 10[err]

Rust Inhibitor 6.00 wt %

Antioxidants 25.00 wt %

Process oil 1.120 wi%%

. . 1
Antwear and/or extreme pressure agent 60.00 wt % |
Demulsifier "2.00 wide

The demulsifier was a polyoxypropvlene glvcol monoalkyl eﬁher having a
weight average molecular weight of about 4100,
The formulated fluid was then subjected to the ASTM D1401 demulse test.
The wet filtrability of each fluid was assessed using Afnor E48-651 (wet) test.
In the latter a water-treated fluid is filtered under conditions of constant pressure and
temperature through a membrane with a determined absolute stopping power,
_The filtrability index of the fluid IF is defined for a given fluid by the ratio:

[F = T300-Tz00
2(T100-Ts0)
in which
T is the passage time, through the membrane. of 300 cm? of fluid.

T.y is the passage time, through the membrane. of 200 cm® of fluid.

T, is the passage time, through the membrane. of 100 cm’ of fluid.

T, is the passage time, through the membrane, of 30 cm’ of fluid.

The IF 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
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mMerr]/s to 12 x 10[err] nferr]/s (2 cSt to 12 c¢St) at 100C. The preferred

m neral oils have kinematic viscosities of from3 x 10[err] nferr]/s to 10
x 10[err] nferr]/s (3 to 10 cSt), and nost

- 3- preferred are those mneral oils with viscosities of 5 x
10[err] merr]/s to 9 x 10[err] nferr]/s (5 to 9 cSt) at 100C.

SUDSU | Ut o0 fgamema MsRIRmP B IBRISE PLBREN e OR PO e, e
value of less than | indicates a fault in the test method. The closer the IF value to 1,
the better filtrabilitv of the fluid. 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.

Table1
Base Oil (Group)
BP ISO 32 | Petrocanada | Excel ISO32 | Yubase 6
4y SPC3SLT Im (I
an
D1401
Time to 37 ml water 11 13.04 9.40 16.42
Time to 3 ml emulsion 11 13.04 9.40 16.42
Result at 30 minutes 40/59/1 10/40/0 40/40/0 40/39/1
Atnor Drv 1.09 - - 1.18
Afnor Wet 1.34 - - - 1.62

These results demonstrate that the polvoxypropvlene glycol monoalkyl ether
used in accordance with the present invention enables satisfactorv demulse and
filtrabilitv when used in a variety of base stocks. It is noteworthy that acceptable

results are obtained even when Group U and Group I base stocks are used.
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interpolynerized olefins [e.g., polybutylenes, polypropyl enes, propylene,

i sobutyl ene copol yners, chlorinated pol yl actenes, poly(1l-hexenes),
poly(1l-octenes), and m xtures thereof]; alkylbenzenes [e.qg.,

pol ybut yl enes, pol ypropyl enes, propyl ene, isobutylene copolyners,

chl orinated pol yl act enes, pol y(1l-hexenes), poly (1l-octenes) and m xtures

t hereof]; al kyl benzenes [e.g., dodecyl -benzenes, tetradecyl benzenes,

di nonyl - benzenes akhntlilé 2- et hyl hexyl ) benzene] ; pol yphenyls [e.g.

bi phenyls, terphenyls, alkylated pol yphenyl and al kyl at ed di phenyl
ethers, alkyl ated AiiHenpackages sy 1dfe é"erea{’éeRi%éqd}COB?mc%ThF fﬂ@?“”\?ﬁtl ves,
analogs and honol ogs thereof, and the like. The preferred synthetlc oils
are oIigorrerscoéq‘po-n &f i ns, particularly oIigoners of 1- decene, al so known
as pol yal pha otefifms—or—PAOS. nthptTc orTs 4l so include al kyl ene
oxi de pol yners, interpol yners, capoﬁ&Wﬁﬂ% and (8Pl atli ves thereof where
the term nal hydroxij gr oups have beeg 8m)dl |ed7§¥ esterification or
etherificatidn, Thi PEFEE of synthet i'Bil s enplli fied by:

pol yoxyal kyl gne pol par ed by pQd ymer zatlgn of et hyl ene oxi de or
propyl ene OX|de,_Lﬁ§g§£§§Eé§nd 2 “+gif: ef—these—potyoxyal kyl ene
polymers (e.g., rret)qﬂﬂm,@g)‘{nyj soproayl eg;eol yc bl et3@ hgving an average

1. 0.0.0

nol ecul ar f.uul of—+666 U|pucH/| ettrer—of T potrypropyfiene gl ycol having a
0.1

mol ecul ar wei{ght of Demulsifier! . 0.75
Demulsifier? - 2
Process oil 1.02 1.02
Antiwear and/or extreme | 60.00 60.00

pressure agent

! Copolvmer of ethylene oxide and propviene oxide.
- - A polyoxypropvlene glycol monoalkyl ether having a number average
molecular weight of about 4100.
Functional fluids were then formulated by blending each additive package at
a treat rate of 0.85% with various base stocks. Each fluid was then subjected to the
ASTM D 1401 demulse test and to the Afnor fiitrability test. The appearance of each
fluid was also assessed visuallv. The results are shown.in the following table which

also identifies the kind of base stock used.
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'100-1500) ; and nono- and pol y-carboxylic esters thereof (e.g., the acetic
acid esters, mxed (Jerr]-([err] fatty acid esters, and C 2 oxo acid

di ester of tetraethylene glycol). Anot her suitable class of
synthetic oils conprises the esters of dicarboxylic acids (e.g., phthalic
acid, succinic acid, alkyl succinic acids and al kenyl succinic acids,

mal ei ¢ acid, azflajc hcid, suberic dcid, $ebaci¢ acid, fumaric acid, adipic
acid, linoleic pcid djnmer, malonic dcizd, &l kyl mal oni c acids and al kenyl
mal onic acids) wth a varhetyooglalcohols (€. ge| butyl alcohol, hexyl
fon . .
al cohol, dodecy] a cnhol,fﬁ-éihyihexyk atcoholm et hyl ene gl ycol, diethylene
gl ycol nonoet heys_pnd| propyl ene gl yqof) . “$peci f{c exanpl es of these esters
i nclude dibutyl| &l pafe, di(2-ethylhexyl) |sebacate, di-n-hexyl fumarate,
di octyl sebacatp,ggrtpooctyt—azetatyg, drTyodecy| azel ate, dioctyl
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‘i sopht hal ate, didecyl phthal ate, dieicosyl sebacate, the 2-ethyl hexyl
diester of linoleic acid _diner, and the conplex ester fornmed by reacting
one nol e of sebacic acid with two noles of tetraethylene glycol and two
nol es of 2-ethyl-hexanoic acid. A preferred type of oil fromthis class of
synthetic oils are adipates of CJerr] to (Jerr] alcohols. Esters

f ul t heti I l,so incl th de f t
monocar boxy! | ¢ acilBEsaIrH BEFTBREA R yF SEf P HePoRE s GEO b Al
I |, tri - : ' ' Ry
1 pont aer yt R PR et 0R0E REREAAEH Bt cafar of LEPRRERUAL Db Rac PR )

pol yaryl -, pebysbiiexigads 1©satispuztorarastxin-asl Basoasuk topes S Impetisulbd ic sl be S)
conpri se another useful class of synthetic |lubricating oils. These oils
i ncl ude t et r aowthbar additiorof the ether campoupd dgagls togmproyed eppearanewhen the

2- et hyl hexyl i [ - (4- hyl,- 2- | hexyl ilicat
»E et ?;_ {p- S Qllc%m {gﬂ{ié:,qa"%ﬁﬂé qggtﬁépﬁqu(g Féudy broup ‘flTI tt])?x/se Stocks. )Wﬂm LddHtive package
hexa- (4- met hyl - 2- -di sl | ) ' |y
(et ny! pheny Py 5 SRERREEbadh sk O SR apiakets Bt and Eyrc APRAE T BRAARE Y
esters of pha%ﬁ?.o Iiéon€@d! whet diditvel paskdge Blis usddrih Ge@amk bpieaseuls, the
trioctyl phosphate, and diethyl ester of decyl phosphonic_ acid), polyneric
tetra- appearance of the formulation was clear and bright without precipitation after aging.
Addition of the ether also gave significant improvements in demulse performance and,
with one exception, Afnor filtrability.
Example 3
Rust and oxidation turbine oils were prepared by blending additive package C
and D, comprising the components listed below, with a base stock. The treat rate was

0.8% wrt.

Additive packages A and B were prepared containing the following componenrs.

C(wt%) | D (wt%)
Antioxidant 60 60
Rust [nhibitor 13 13
Corrosion Inhibitor 3 | 3
Demulsifier! 0.025 0.025
Demulsifier- - 2

! Copolymer of ethylene oxide and propyvlene oxide.

: A polvoxvpropviene glvcol monoalkyl ether having a number average molecular
weight ot about #4100.
iEach formulated oil was then subjected to the ASTM D1401 demulse test. The

results are shown in the following table which also identifies the kind of base stock used.
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hydr of urans and pol y-ol efins. The base oils may be derived from
refined, re-refined oils, or nmxtures thereof. Unrefined oils are obtai ned
directly froma natural source or synthetic source (e.g., coal, shale, or
tar sands bitumen) without further purification or treatnment. Exanpl es of

unrefined oils ipctiudg—a shal e of | obtained directly froma retorting
operation, a petjroljeup oil obtainged directly fromdistillation, or an ester
oi | obtained dirject]ly [froman esgerification process, each of which is then
used without furltigr tireat@enf. Refined oils are sinmilar to the unrefined
oi I s except that egfined oﬁlsfhéga been treated in one or nore purification
steps to inprove Qe gr_nmre properties. Suitable purification techniques
include distillgtyan, |hydro treat|ng, dewaxing, solvent extraction, acid or
base extraction,| &|ltygation, and:percolation, all of which are known to
those skilled in €©he art. Re- Leﬁhned oils are obtained by treating used
oils in processgsg i@ilar mognhqse used to obtain the refined oils. These
re-refined oils = krowa—as] recl ai ned or reprocessed oils and are
often additionally pr)cessed bycgechniques for renoval of spent additives
and oils = S - 5-
| ol N %
o~ =
@l o N N ¥
O
Z -
& 0 S
S S 8 3
z| < &St g
g
— vy vy >
= vi v o™
- . ~~
o ] ~ < < —_
on ol - - - ¥
21 C
= | 9
= | A <
| & T 5 F
7z .. e
ol O TS I S
~
—_ o)
= ~ >~ ™
sl A ool =
- - N o <
C
-z.}
~ £
[ fere) 0 O
A oo
3 B [ D s
_— ~ ™~ ™ <
v = = =
= = 2 = =
=1 - D 'z —
= 2 = = =
S = ~ = = " This Sheet Has Been R
=l o» e
= < E3) =
zl <l 2o = - x

-12-



br eakdown products. Wite oils, as taught in U S. 5,736,490 may al so be

used as the base oil, especially for turbine applications. I n
an enbodi nent of the invention the base oil is a Goup |, Goup |IlI, Goup
[1l or Goup IV base oil. The use of Goup Il or Goup Ill base oils is
preferred. The American PetroleumInstitute has categorized these
di fferent base stock types as follows: Goup |, >0.03 wt % sul fur, and/or
<90 vol % sat urtesits Yed6mehiethat addigiex opﬁlﬁe\ffé%xﬁgo%fléhel@?dol @oadblidy] ethf 03

wt % sul fur, and 90 vol % sat ur at es, vi scosi'ty i ndex between 80 and 120;

Goup III, Pl.pm@vi?as%rxpﬁdvfedm?mahdpaﬁamh%maﬁwgtiz@haesstoddsscsﬁ@i w'ylfécbmdlmdimglzo;
G 'V, ; ins. .
catal yti cal | yo dehbleads 84 euéﬁéerz rou b base sorks, Nat ot BEITIeNos At thid
i i : | . L1
gg? gwgaglr FZSCO%‘%@&V%Q%%%%%#%%&(@M% %‘geavgéqgﬁ%dctﬁﬁgg’rvg dg}f}ﬁﬁpﬁet i ¢ base

oi l's prepar e'l‘}eﬁf)&!iﬁnce 1hPthé P30 PRttt Rdath dR bhnds #hénh RBalans wathle G:6H B

sul fur and aromatics.
and Group III base stocks.
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The functional fluids may be prepared by sinple blending of the various
conponents with a suitable base oil. For the sake of convenience,

and in anot her enbodi nent of the present invention, the
conponents used in practice of this invention may be ﬂ

concentrate for fornmulation into a fugéﬁﬁggg fluid rea u iﬁ “H“I“““
The concentrate may conprise, in addition to the fluid conponents a
solvent or diluent for the fluid conponents. The solvent or diluent should
be miscible wth) andj@oraapadiiee 65mptisi %)hn/blmgolubletd@fyohmpﬂlehe giycwhi ch the
concentrate is to be added. Suitable solvents and diluents are well known.

The sol ventmonoadiyl ather forampiseingtike desawlee performmnecnef athydeaulieeaindustgiali i tsel f.
The concen'zﬁjgt e ”Fé aw tably include any of the conventional additives
used in hyd™8tH9P8" 8W8&: i ndustrial applications. The proportions of each

conponent in they conqggtiadiin grt@cﬁﬁﬂtlr@hére&@%&é@%ul@h@@é@@x e of
dilution, though top treatnen the fornmulated fluid is p055|b

Qt her addi tGroap [Hom@reupyViasdoiln fluids for hydraulic and industri al
applications may, be included,in the 0sj t s or, .concentyrates of
present inventi on. TH&?@C?‘H ’l“ﬁdi‘édémﬁo‘gﬁﬁﬁﬁt Ee e oyds 3 Grewp Lor grqup,

nodi fiers, bq;g gents, antiwear and/or extrenme pressure agents, rust

i nhi bitors and corr05|on inhibitors. These additives, when present, are
used in anounts 4onvediseiadturting taamdonerofeitifs 1 to 3, wherein the polyoxypropylene

o glycol monoalkyl ether has a number average molecular weight of 2000 to 5000.

5. Use according to claim 4, wherein the polyoxypropylene glycol
monoalkyl ether has a number average molecular weight of about 4100.

6. Use according to any one of the preceding claims, wherein the alkyl
moiety of the monoether is n-butyl.

7. Use according to any one of the preceding claims, wherein the
polyoxypropylene glycol monoalkyl ether is present in an amount of 0.5 to 4.0 wt%
based on the total weight of the fluid.

8. Use according to any one of the preceding claims, wherein the additive
further comprises a copolymer of ethylene oxide and propylene oxide.

9. Use according to claim 8, wherein in the copolymer the mole ratio of
units derived from ethylene oxide to units derived from propylene oxide is 0.65:1.

10.  Use according to claim 8 or 9, wherein the copolymer has a number
average molecular weight of 2000 to 4500.

Il.  Use according to any one of claims 8 to 10, wherein the weight ratio of
the polyoxypropylene glycol monoalkyl ether to copolymer is 60:1 to 10:1.

12.  Use according to claim 11, wherein the weight ratio of the

polyoxypropylene glvcol monoalkyl ether to copolymer is about 20:1.

-14- [ —
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applications. Sone additives may be included in the concentrate and sone
added to the fully fornmulated fluid as a top-treat. Exanpl es of
hydraul ic and industrial applications where the present invention may be
enpl oyed i nclude hydraulic oils, turbine (R&O oil, conpressor oils,
slideway oils, paper machine oils. The foll ow ng exanpl es
illustrate the present invention. Exanple 1 A functi onal
fluid was prepared by bl ending an adddBSTRAGAckage conprising the
conponents listed below with a base stock. The treat rate of the additive
package was 0.85% .

LUBRICANT COMPOSITIONS EXHIBITING IMPROVED
DEMULSE PERFORMANCE

Use of an additive comprising an oil-soluble polyoxypropylene glycol monoalkyl
ether for improving the demulse performance of a hydraulic or industrial functional
fluid.
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Rust | nhi bitor 6.00 Wt % Aﬁﬁ%@ﬁ?@%ﬁ?ﬁiﬂ

23.00.wt % Process oil _
Ant i wear and/or extrenme pressure agent 60.00 wt % Denuls fFeT ;
2.00 w % The denulsifier was a pol yoxypropyl ene ¢l yc@ 3 Moy | |
et her having a wei ght average nol ecul ar wei ght of about 4100. The
formulated fluid was then subjected to the ASTM D1401 denullseTE3T. :
The wet filtrability of LEBRICANTIGDMBOSHIONS SXHIBETING ‘VED82169 1 (Jme%.)-_.
test. Inthe latter a water-treat ld.is filtered under conditions o
constant pressure and tenperatureggmm@%f\gﬁg wi th a determ ned

absol ute st oppi ng power. The filtrability index of the fluid IF is

defined for a given fluid by the ratio:
|F = T[err]-T[err] Hydraulic and industrial functional fluids are required to exh€fiT§ Biiraber dfer r])
i n which - Tlerr] is"the pass'atgg it i me, through btlgln%mrreang)r ane, of 300
cnierr] of fl ui @erformance characteristics and s usually achieved by g a base oil (stock)

with a multi functional additive package. Conventiorzal 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 to formulators not encountered with Group I base

stocks.

Group II and III base stocks are produced by hydro processing and this
reduces the aromatics content of the base stock resulting 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 in conventional hydraulic and

.ndustrial additive packages, suc;h as demulsifiers, that 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 demulsifiers such as copolymers
of ethylene oxide and propylene oxide provide satisfactorv demulse performance and
are fully soluble in Group I base oils but, at useful concentrations, tend not to be fully
soluble in Group II and Group III base oils. Poor demulsifier solubility results in
formulated blends which are dull. Although these may be merchantable, they will
also exhibit derated performance due to the presence of precipitates. The latter are
particularly troublesome as precipitates can lead to clogging or blocking of the very
fine filters which are typically used in, for example hydraulic apparatus, to maintain
fluid cleanliness. Further, if 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 has
been identified which prc;_vides good demulse-performance and which exhibits

superior solubility in the range of base oils formulators would like to use, including
L A



T[err] is the passage tine, through the nmenbrane, of 200 cnferr] of fluid.
T[err] .is the passage tine, through the nenbrane, of 100 cnferr] of fluid.

T[érr] is the passage tine, through the nmenbrane, of 5 "@Tﬂﬁ:}sm&ﬁe Héeg

The IF ratio therefore consists of conparing the filtrat
fluid in the course of the test. The ratio as well as th peed
of the various

for each sanpl e Gioep ladd GeupJB bafe dilbe ease of f||trat|on of the flui d An
| F value of less than | indjcates a fault in the test t hqd. The cl.oser
the' TF value to 1. hecosuipels; B piesdinisfpiriop poideh therit b AAAiss FPRBORES L | ng

t he menbrane be are
shown in the fol Ow%ﬂfgb{%%gﬁﬂx@%o@ﬁéﬂg%lgﬁ&%&aﬁl Jﬁ&%ﬂ&‘ﬂmv&% &é_ﬁﬁ&é
performance of a hydraulic or industrial functional fluid. .

By improved demulse performance is meant the ability of an oil to separate
from water. The established test to evaluate the ab—ility of hydraulic and industrial oil
to separate from water is the ASTM D1401. In this test 40m] of oil is mixed with
40m! of water at 54C and the time taken for the resulting emulsion to reduce to 3ml
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 37ml of water and 3m! of emulsion in less than 30 minutes.

Typically, the polyoxypropylene glycol monoalkyl ether has a number
average molecular weight of 3000 to 6000, preferably from 3500 to 4500 and, more
preferably of about 4100. In a preferred embodiment of the invention, the alkyl
moiety of this component is 1_1-butyI. _

In terms of physical properties, the ether component typically has a viscosity
at 40°C of about 360 to 410cSt. In a preferred embodiment the viscosity of the
component is about 400 cSt at 40°C and about 50 ¢St at 100°C. The component
usually has a pour point of ~15 to -35°C, preferably about -22°C. Useful
polyoxypropylene glycol monoalky! ethers are commercially available or may be
made by the application or adaptation of known techniques.

The ether component is typically employed in an amount of 0.5 % to 4.0 wt
%, preferably 1 to 3 wt% and more preferably 2.0 wt% based on the weight of the -
fully formulated fluid. '

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 demulse
. 2
This is the replacement sheet

0 3 MAY 2000



identifies the kind of base oil used in formulating the fluid.
Base O | (G oup)

Tabl e 1, _
BP | SO 32 Petrocanada Excel |SO 32 Yubase 6 _
(1) SPC 35LT (11) (111) D 1401 Time to 37 ni
wat er 11 13. 04 9.40 16. 42 Time to 3 mo
emul si on 11 .13.. 0: . 40 16. 42 sult at 3
mnutes 40/ 39/pirformance416)s1§6¢163ntly reduc?fg?’h‘ﬁ? gllows for fappulagion of cleat andAmeht Dry
1. 09 . . . .

finished lubricants when using either Group I,1[.I érzl.}dease stocks. %@gglﬂg&ul (s

1.34 .
denonstrat e t hatopdivngrdiayompierratioydfaméts dérived Fromuetdgddnk ykide tetits dsgeed N

ith_the present inyention enables satisfactory denulse and
accordance w from prgpy ene oxide of 2.0:1 to 0.3:1, preferably 0.65:1. In a preferred embodiment ..

the copolymer has a number average molecular weight of 2000 to 4500, ﬁreferabl}:
3800. When this combination is employed tht; weight ratio of the polyoxypropylene
glycol monoalkyl ether to copolymer is 60:1 to 10:1, preferably about 20:1.

Base oils contemplated for use in this invention include natural oils, synthetic
oils and mixtures thereof. Suitable oils also include base stocks obtained by
isomerization of synthetic wax and slack wax, as well as base stocks produced by
hydro cracking (rather than solvent extracting) the aromatic and polar components of
crude oil. In general, both the natural and svnthetic oils will each have a kinematic
viscosity ranging from about 1 x 10¥ m*s to about 40 x 10% m?¥s (about 1 to about
40 cSt) at 100°C, although typical applications will require each oil to have a
viscosity ranging from about 2 x 10° m¥s to about 8 x 10° m¥s (about 2 to about 8
¢St) at 100°C. ' ' ' '

Natural base oils include animal oils, vegetable oils (e.g., castor oil and {ard
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 mineral oil base
stocks. This would include oils that are naphthenic or paraffinic in chemical
structure. Oils that are refined by conventional methodology using acid, alkali, and
clay or other agents such as aluminum chloride, or they may be extracted oils
produced, for example, by solvent extraction with solvents such as phenol, sulfur
dioxide, furfural, dichlorodiethyl ether, etc. They may be hydro treated or hydro-
refined, dewaxed by chilling or catalytic dewaxing processes, or hydro cracked. The
mineral oil may be produced from natural crude sources or be composed of
isomerized wax materials or residues of other refining processes.

Typically the mineral oils will have kinematic viscosities of from 2 x 10
m/s to 12 x 10 m¥s (2 cSt to 12 cSt) at 100C. The preferred mineral oils have

kinematic viscosities of from 3 x 10 m¥s to 10 x 10% m¥s (3 to 10 cSt), and most
.

0 3 MAY 2000

Date:

This is the replacement shoet



filtrability when used in a variety of base stocks. It is noteworthy that
acceptabl e results are obtained even when G oup Il and Goup |IIl base
stocks are used. - 8-

preferred are those mineral oils with viscosities of 5 x 10° m*s to 9 x 10° m%*s (5 to
9 ¢St) at 100C. |

Synthetic oils useful in this invention include hydrocarbon oils and halo-
substituted hydrocarbon oils such as oligomerized, polymerized, and
interpolymerized olefins [e.g., polybutylenes, polypropylenes, propylene, isobutylene
copolymers, chlorinated polylactenes, polg_r(l-hexe'nes), poly(l-octenes), and
mixtures thereof]; alkylbenzenes [e.g., polybutylenes, polypropylenes, propylene,
isobutylene copolymers, chlorinated polylactenes, poly(1-hexenes), poly (1-octenes)
and mixtures thereof]; alkylbenzenes {e.g., dodecyl-benzenes, tetradecylbenzenes,
dinonyl-benzenes and di(ﬁ—ethylhexyl)benzene]; polyphenyﬁ [e.g., biphenyls,
terphenyls, alkylated polyphenyls]; and alkylated diphenyl ethers, alkylated diphenyl
sulfides, as well as their derivatives, analogs, and homologs thereof, and the like.
The preferred synthetic oils are oligomers of -olefins, particularly oligomers of 1-
decene, also known as polyalpha olefins or PAQ's.

Synthetic oils also include alkylene oxide polymers, interpolymers,

' copolymers, and derivatives thereof where the terminal hydroxyl groups have been

modified by esterification or etherification. This class of svathetic oils is
exemplified by: polvoxyalkylene polymers prepared by polymerization of ethylene
oxide or propylene oxide; the alkyl and aryl ethers of these polyoxyalkylene
polymers (e.g., methyl-polyisopropylene glycol ether having an average molecular
weight of 1000, diphenyl ether of polypropylene glycol having a molecular weight of
100-1500); and mono- and poly-carboxylic esters thereof (e.g., the acetic acid esters,
mixed C;-C; fatty acid esters, and C,,0xo acid diester of tetraethylene glycol).

Another suitable class of synthetic oils comprises the esters of dicarboxylic
acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenyl succinic
acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid, adipic acid,
linoleic acid dimer, malonic acid, alkylmalonic acids and alkenyl malonic acids) with
a variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl
alcohol, ethylene glycol, diethylene glycol monoethers and propylene glycol).
Specific examples of these esters include dibutyl adipate, di(2-ethylhexyl) sebacate,
di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl

-4-
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Exanpl e 2 Addi ti ve packages A and B were prepared containing the

fol,l owi.ng conponents. _ A(w % B
(Wt 9 Det ergent s 7.88 7.88 Rust

I nhi bitor 6 6 Ant i oxi dant s 23.00
23.00 Denul sifier[err] 0.75 0.1

Demul sifierferr ]Lsophthaia'te, didecyl phthalate, dieicosvl sebzacate, the 2-ethylhexyl diester of linoleic
acid dimer, and the complex ester formed by reacting one mole of sebacic acid with
two moles of tetraethylene glycol and two moles of 2-ethyl-hexanoic acid. A
preferred type of oil from this class of synthetic oils are adipates of C,to C,
alcohols. )

Esters useful as synthetic oils also include those made from Cs to C,,
monocarboxylic acids and polyols and polyol ethers such as neopentyl glycol,
trimethylolpropane pentaerythritol, dipentaerythritol and tripentaerythritol.

Silicon-based oils (such as the polyalkyl-, polyaryl-, polyalkoxy-, or
polyaryloxy-siloxane oils and silicate oils) comprise another useful class of synthetic
lubricating oils. These oils include tetra-ethyl silicate, tetraisopropyl silicate, tetra-
(2-ethylhexyl) silicate, tetra-(4-methyl-2-ethylhexyl) silicate, tetra(p-tert-
butylphenyl) silicate, hexa-(4-methyl-2-pentoxy)-disiloxane, poly(dimethyl)-
siloxanes and poly (methylphenyl) siloxanes. Other synthetic lubricating oils include
liquid esters of phosphorus containing acids (e.g., tricresyl phosphate,
trioctylphosphate, and diethy! ester of decylph:ﬁphonic acid), polymeric tetra-
hydrofurans and poly-olefins.

The base oils may be derived from refined, re-refined oils, or mixtures
thereof. Unrefined oils are obtained directly from a nawral source or synthetic
source (e.g., coal, shale, or tar sands bitumen) without further purification or
treatment. Examples of unrefined oils include a shale oil obtained directly from a
retorting operation, a petroleum oil obtained directly from distillation, or an ester oil
obrained directly from an esterification process, each of which is then used without
further treatment. Refined oils are similar to the unrefined oils except that refined
oils have been treated in one or more purification steps to improve one or more
properties. Suitable purification techniques include distillation, hydro treating,
dewaxing, solvent extraction, 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 fo;mremoval of speat additives and oils
: -5-
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Pr ocess oil 1.02 1.02 Anti wear and/ or extrene

60..00 . 60. 00 pressure agent [err] Copol ynmer of

et hyl'ene oxi de and propyl ene oxide. [err] A pol yoxypropyl ene gl ycol

nonoal kyl ether having a nunber average nol ecul ar wei ght of about

4100. Funct i onal quids were then fornul ated by bl ending each
0.85% w th various base stocks. Each

additive packaggma(g%‘?%g% s ihifeste S5 tiadhdi 36640 maylsorhs uspdasthaor

fluid was then
LI S iy, 15,10 S0
of base stock used. Inanembodiment of the invention the base oil is a Group L, Group II, Group

I or Group IV base oil. The use of Group I or Group III base oils is preferred.

The American Petroleum Institute has categorized these di_ﬁ‘erent.base stock
types as follows: Group I, >0.03 wi% sulfur, and/or <90 vol% saturates, viscosity
index between 80 and 120; Group II, 0.03 wt% sulfur, and 90 vol% saturates,
viscosity index between 80 and 120; Group III, 0.03 wi% sulfur, and 90 vol%
saturates, viscosity index >120; Group IV, all polyalphaolefins. Hydro treated base
stocks and catalytically dewaﬁced base stocks, because of theil; low sulfur and
aromatics content, generally fall into the Group II and Group III categories.
Polyalphaolefins (Group IV base stocks) are synthetic base oils prepared from
various alpha olefins and are substantially free of sulfur and aromatics.

The functional fluids may be prepared by simple blending of the various
components with a suitable base oil.

For the sake of corivenience, and in z'mother embodiment 6f the present
invention, the additive components used in practice of this invention may be
provided as a concentrate for formulation into a functional fluid ready for use.

The concentrate may comprise, in addition to the fluid components, a solvent
or dilueat for the fluid components. The solvent or diluent should be miscible with
and/or 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 any of
the conventional additives used in hydraulic and industrial applications. The
proportions of each component in the concentrate are controlled by the intended
degree of dilution, though top treatment of the formulated fluid is possible.

Other additives commonly used in fluids for hydraulic and industrial
applications may be included in the compositions or concentrates of the present
invention. These include antioxidants, dispersants, friction modifiers, detergents,
antiwear and/or extreme pressure agents, rust inhibitors and corrosion inhibitors.
These additives, when present, are used in amounts conventionally used in such

-6-
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applications. Some additives may be included in the concentrate and some added to

the fully formulated fluid as a top-treat.

Examples of hydraulic and industrial applications where the present invention

may be employed include hydraulic oils, turbine (R&0) oil, compressor oils,

slideway oils, paper machine oils.
The following examples illustrate the present invention.
Example 1
A 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 0.85%.
Rust Inhibitor | 6.00 wt %
Antioxidants 23.00 wt %
Process oil 1.120 wt%e
Antiwear and/or extreme pressure agent 60.00 wt %
Demulsifier ) 2.00 wt%

The demulsifier was a polyoxypropylene glycol monoalky! ether having a
weight average molecular weight of about 4100.

The formulated fluid was then subjected to the ASTM D1401 demulse test.

The wet filtrability of each fluid was assessed using Afnor E48-691 (wet) test.
In the latter a water-treated fluid is filtered under coaditions of constant pressure and
temperature through a membrane with a determined absolute stopping power.

The filtrability index of the fluid IF is defined for a given fluid by the ratio:

I[F = T300-T200
2(T100-Ts0)
in which
T is the passage time, through the membrane, of 300 cm? of fluid.

Tago is the passage time, through the membrane, of 200 c¢m? of fluid.
T o0 is the passage time, through the membrane, of 100 cm? of fluid.
Ty is the passage time, through the membrane, of 50 cm? of fluid.
The IF 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
_ 7.
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segments for each sample are indicative of the ease of filtration of the ﬂuid. AnIF
value of less than 1 indicates a fault in the test method. The closer the IF value to I,
the better filtrability of the fluid. 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 ISO 32 | Petrocanada | Excel ISO32 | Yubase 6
@ | SPC3SLT (m (I
(I

D1401

Time to 57 ml water 11 13.04 9.40 1 - 16.42
Time to 3 ml emulsion 11 13.04 9.40 16.42
Result at 30 minutes 40/39/1 40/40/0 40/40/0 40/39/1

Afnor Dry 1.09 . - | - - 118
" Afnor Wet 1.34 - - 1.62

These results demonstrate that the polyoxypropylene glycol monoalkvl ether
used in accordance with the present invention enables satisfactory demulse and
filtrability when used in a variety of base stocks. It is noteworthy that acceptable

results are obtained even when Group II and Group [I base stocks are used.
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[err] These results denonstrate that use of a

pol yoxypropyl ene gl ycol nonoal kyl ether in conbination with a relatively

| ow concentrate of ethylene oxide/propyl ene oxide copolyner |eads to
satisfactory results in all base stock types. In particular it should be
noted that addition of the ether conpound | eads to inproved appearance when
the conbination is ﬁgg f’erg the Goup Il and Goup Ill base stocks. Wen
additive package A F4G8eE in these base stocks a dul | appearance i s
observed, and a precisuditive padkase¥i aldBiwered@ipaRd cotaifing iiefdllowidgen additive
package B is used in the sane base stocks, the appearance of the

formul ati on was compamentgsnd bri ght w thout precipitation after aging.

Addi ti on of theether—atlso—gave—sigp-feant—nAproeverents i n demnul se
per f ormance and A (Wt %) B (wt %)
Detergents- 7.88 7.88 |
Rust Inhibitor 6 6
Anﬁoxidants. ' 23.00 23.00
Den:tuls.it'u.arl 0.75 0.1
Demulsifier® - 2
Process oil 1.02 1.02
Antiwear and/or extreme 60.00 60.00
pressure agent

t Copolymer of ethylene oxide and propylene oxide.
2 _ A polyoxypropylene glycol monoalkyl ether having a number average
molecular w.t‘;ight:j of about 4100. |
Functional fluids were then formulated by blending each additive package at
a treat rate of 0.85% with various base stocks. Each fluid was then subjected to the
ASTM D1401 demulise test and to the Afnor filtrability test. The appearance of each
fluid was also assessed visually. The results are shown in the following table which

also identifies the kind of base stock used.
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W th one exception, Afnor filtrability. Exanpl e 3 Rust and
oxi dati.on turbine oils were prepared by bl ending additive package C and D,
conprising the conponents listed below, with a base stock. The treat rate -

was 0.8% wt. Addi ti ve-packages A and B were prepared containing
the foll ow ng conpomgntg: cw % D
(wt 9 At i ¢xi glant = 60 60 Rust
| nhi bi tor 15 0 o 15 s =iCerredion Inhibitor 3
3 Denul si|fiererr] 2 2 =  ¢.8255 = & 0. 025
Denmul sifier[err] Copol yner ol mthyl ene ¢xi de and propyl ene oxide.
A pol yoxypr opyl eng¢ @ycal nonoal kyl efher having|a nunber average nol ecul ar
wei ght of about 410%;
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Each formul ated oil was then subjected to the ASTM D 1401 denul se test. The
results.are shown in the follow ng table which also identifies the kind of

base-st ock used. -11-

These results demonstrate that use of a polyoxypropylene glycol monoalkyl ether
in combination with 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 Group III base stocks. When additive p;.ckage
A is used in these base stocks a dull appearance is observed, and a precipitate forms after
aging. In contrast, when additive package B is used in the same base stocks, the
appearance of the formulation was clear and bright without precipitation after aging.
Addition of the ether also gave significant improvements in demulse performance and,

with one exception, Afnor filtrability.

Example 3
Rust and oxidation turbine oils were prepared by blending additive package C

and D, comprising the components listed below, with a base stock. The treat rate was

0.8% wt.
Additive packages A and B were prepared containing the following compounents.

Cwt%) | Dwi%)
Antioxidant 60 60
Rust Inhibitor 15 15
Corrosion Inhibitor 3 3
| Demulsifier! 0.025 0.025
Demulsifier* - 2

! Copolymer of ethylene oxide and propylene oxide.

~

A polyoxypropylene glycol monoalkyl ether having a number average molecular

weight of about 4100.
Each formulated oil was then subjected to the ASTM D1401 demulse test. The

results are shown in the following table which also identifies the kind of base stock used.

~{1-
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[err] The results denonstrate that addition of the
pol yoxy.propyl ene gl ycol nonoal kyl ether provides inproved denul se
performance in all of the base stocks tested wi thout |eading to dul

in Goup Il and Goup Il base stocks. Use of higher |levels of the
bne oxi de was found to inprove denul se

bl ends

copol yner of ethyl[éng oxiderpropyl
performance in thg D140 test but ljed to dull blends when fornulating with
the Goup Il and Golp |11 base s€gdcks.
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The results demonstrate that addition of the polyoxypropylene glycol monoalkyl ether
provides improved demulse performance in all of the base stocks tested without leading
to dull blends in Group I and Group IIT base stocks. Use of higher levels of the

. copolymer of ethylene oxide/propylene oxide was found to improve demulse
perf:ormance in the D1401 test but led to dull'blen-ds when formulating with the Group I
and Group IIT base stocks.

-13-
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CLAIM

L. Use of an additive comprising an oil-soluble polyoxypropylene glycol

monoalkyl ether for improving the demulse performance of a hydraulic or industrial

functional fluid. |

2. Use according to claim 1, wherein the base oil is a Group I, Group II,
Group III or Group IV base oil.

3. Use according to claim 2, wherein the base oil is a Group II or group III
base oil.

4, Use according to any one of claims 1 to 3, wherein the polyoxypropylene

glycdl monoalky! ether has a number average molecular weight of 2000 to 5000.

5. Use according to claim 4, wherein the polyoxypropylene glycol
monoalkyl ether has a number average molecular weight of about 4100.

6. Use according to any one of the preceding claims, wherein the alkyl
moiety. of the monoether is n-butyl.

7. Use according to any one of the preceding claims, wherein the
polyoxypropylene glycol monoalkyl ether is present in an amount of 0.5 to 4.0 wt%
based on the total weight of the fluid.

8. Use according to any one of the preceding claims, wherein the additive
further comprises a copolymer of ethylene oxide and propylene oxide.

9. Use according to claim 8, wherein in the copolymer the mole ratio of
units derived from ethylene oxide to units derived from propylene oxide is 0.65:1.

10.  Use according to claim 8 or 9, wherein the copolymer has a number
average molecular weight of 2000 to 4500. |

I1.  Use according to any one of claims 8 to 10, wherein the weight ratio of
the polyoxypropylene glycol monoalkyl ether to copolymer is 60:1 to 10:1.

12.  Use according to claim 11, wherein the weight ratio of the

polyoxypropylene glycol monoalkyl ether to copolymer is about 20:1.

4
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CLAI M5 1. Use of an additive conprising an oil-soluble

pol yoxypropyl ene glycol nonoal kyl .ether for inproving the denul se
performance of a hydraulic or industrial functional fluid; wherein the

al kyl noiety of the nonoether is n-butyl. 2. Use according to
claim1, wherein the base oil is a Goup I, Goup Il, Goup Ill or Goup
|V base oil. 3. Use accordi im2, mhereln t he base oi
is a Goup Il or group Il base oil. Aﬁ%fﬁkﬁﬁ@' Use according to any
one of clains 1 to 3, wherein the polyoxypropylene gl ycol nonoal kyl et her
has a number average nol ecul ar melght of 2000 to 5000. 5. Use
according to clai m4, LUBRIGANT COM [ ) fPROYEBa| kyl et her
has a nunber average nol ecul ar 6. . Use
according to any one of the pre "

Use of an additive comprising an oil-soluble polyoxypropylene glycol monoalkyl

ether for improving the demulse performance of a hydraulic or industrial functional
fluid.

-15-
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pol ygxypropyl ene gl ycol nonoal kyl ether is present in an anount of 0.5 to

4.0 wmt % based on the total weight of the fluid. - 7. Use according to
any one of the preceding clains, wherein the additive further conprises a
copol'ymer of ethyl ene oxide and propyl ene oxide. 8. Use according

to clai.m?7, [ liymer the nole ratio of units derived from
et hyl ene oxi 42 quagﬁl g&[;]g%?%gg ?rom propyl ene oxide is 0.65: 1.

9. Use accordi ng sc@olimilfiife gresent iveniginprovides tieaksy oban dditiee comfrisingver age
nmol ecul ar wei ght of 200'0 ‘to 4500. 10. Use according to any one of

clai ms7 to 9n pilwbhibé pnlyme/pmyme shysol monsalkH ethss ferompse oy fhertemyilsa of
nonoal kyl ether to copol yner Use according'to

claim 10, wheHemMAICHE %\bY‘Hﬁ'fhcr%'t‘P SHfaHBH@tIBWMMhGﬁﬁ@ne gl ycol nonoal kyl.
ether to COQ[?'Q’[H?]r rﬂo?et?l?)?%lezglo‘lmether J.:S n-butyl. -14-

By improved demulse performance is meant the ability of an oil to séparate
from water. The established test to evaluate the ability of hydraulic and indusu:ial oil
té_\séparate_fmm water is the ASTM D1401. In this test 40ml of oil is mixed with
inml of water at 54C and the time taken for the resulting emulsion to.reduce to 3ml
ér 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 37ml of water and 3ml of emulsion in less than 30 minutes.

Typically, the polyoxypropylene glycol monoalkyl ether has a number
average mé)iecular weivht of 3000 to 6000, preferably from 3500 to 4500 and, more

. l."preferab[y of about 4100. |

In terms of physical properties, the ether component typicaily has a vIScosity
" at 40°C of about 360 to 410cSt. In a preferred embodiment the viscosity or the
companent is about 400 ¢St at 40°C and about 50 cSt at 100°C. The component
usually has a pour point of -15 10 -35°C, preferably about -22°C. Useful
polyoxypropylene glycol monoalkyl ethers are commercially available or may be
made by the applicarion or adaptation of known techniques.
- The ether component is typically emploved in an amount-of 0.5 % to 4.0 wt

%, preferably 1 to 3 wt% and more preferably 2.0 wt% based on the weight of the
fully formulated fluid.

[n a preferred embodiment of the invention the polyoxypropylene ether
described is used in combination with a copolymef of ethylene oxide and propylene
oxide. Such a combination s capable of pro‘z;iding even better demulse performance
without detriment to the cleanliness of the composition (as may be assessed by the
clarity and brightess of the finished fluid and by the Afnor wet ﬁltrabilify 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 demulse
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1. Use of an additive comprising an oil-soluble polyoxypropylene 'glycol
monoalkyl ether for improving the demulse performance of a hydraulic or industrial

functiona! fluid; wherein the alkylfmoiety of the monoether is n-butyl.

2. Use according to claim 1, wherein the base oil is a Group L, Group I,
Group II or Group IV base oil. |

3. . Use according to claim 2, wherein the base oil is 2 Group IE or group III
base oil. 5

4. Use according to any one of claims 1 to 3, wherein the polyo:gypropylene

glycol monoalkyl ether has a number average molecular weight of 2000 to 5000.
5. Use according to.claim 4, wherein the polyoxypropylene glycol
monoalkyl ether ﬁas a number. average mole_c_ular _w_ei_ght_ of about 4100. § |
6. Use according to any one of the preceding claims, Whefé_ain_thé
polyoxypropylene glycol monoalkyl ether is present in an amount of 0.5 t0 4.0 wt%
based on the total weight of the fluid. T _
7. Use according to any one of the preceding claims, wherein the additive
further comprises a copolyfner of ethylene oxide and propylene oxide. -
‘8.  Use according to claim 7, wherein in the copolymer the mole ratio of
units derived from ethylene oxide-to units derived from-propylene oxide is 0.65:1.
N 9. Use accofding to claim 7 or8, wherein the .copblymgt has a number )

average ‘molecular weight of 2000 to 4500.

"10. Use according to any one of claims7. to'9 1, wherein the weight ratio of
the polyoxypropylene glycol monoalkyl ether to copolymer is 60:1 to 10:1.

11. Use according to claim1Q, wherein the weight ratio of the

polyoxypropylene glircol monoalkyl ether to copolymer is about 20:1.
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