METHOD OF DEMULSI NG A NATURAL GAS DEHYDRATOR [ 0001]

= - The present invention relates to a nethod of denul sing
natural gas glycol dehydrators and downstream
machi nes at natural gas field processing sites. Mre
particularly, the present invention relates to the
i nclusion of one or nore denulsifiers in oi
conmpositions that nay be wused to |ubricate nachi nes
upstream fromthe dehydrators. Even nore particularly,
the present invention relates to using the same oil
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formation. The gaseous fluids produced from coal formations are often collecti\}ely referred to
as “coalbed methane.” Coalbed methane typically comprises more than about 90 to 95 volume

- percent methane. According to the U.S. Geological Survey, the reserve of such coalbed methane

| | in the United States and around the world may be over 700 trillion cubic feet and over 7,500
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[0004] After natural gas is extracted from coal beds
but before it can be transported through the pipeline
to a refinery, it nmust undergo a conplicated process
at or near the wellhead to renobve various
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dehydrator, as Weil as one or more process water tanks. In certain field processing procedures,
the raw gas first passes through a “slug catcher,” which roughly separates the liquid and gas
phases: The liquid phase, which comprises essentially water and salts, is then sent to the process
water tank, where the water may be treated and/or released into the ground. The gas phase is
filtered to reduce the presence of pipeline scale that is introduced by the drilling equipment, and

coal fines that inevitably accompany the raw gas as it is released from the fractured coal beds.



[ 0006] Downstream fromthe slug catcher, the extracted
natural gas usually passes through a conpressor,

whi ch nay be either a reciprocating conpressor or a
rotary conpressor A reciprocating conpressor
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The conpressors can be either single-stage or
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The volume vacated by the male rotor is then filled with gas. After the suctibn step, the
compression process begins, during which the rotors continue to rotate and mesh together along
the bottom, as the male motor lobe moves into the female flute and reduces the volume in the

| flute. The compression process continues until the compressed gas is discharged through the

discharge port.



stages i nproves conpressor efficiency. [0009]
Alternatively, a conpressor of either type, typically
a rotary screw conpressor, nay be placed upstream
fromthe slug catcher as a well head booster,

.rI as _ fi.eld exhibits .
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conpressor, the lubricating oil is fed directly to the
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cylinder liners, cylinder packing and val ves.

from the vwEIRhd.MES, the Iubrl cating oil is also used as a
cool ant for the conpressor cylinders and the running
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of natural gas engines used in the field include the
bearings. BHbMESHIAM €l dRES the rotors where it combines with the gas, and the gas/oil
mixture is then discharged from the compressor. On the other hand, for a reciprocating
compressor, the lubricating oil is fed directly to the cylinder parts, including the pistons, piston
rings, cylinder liners, cylinder packing and valves. Sometimes, the lubricating oil is also used as
a coolant for the compressor cylinders and the running parts such as the main bearing, wristpin,
crankpin, and crosshead pin bearings.

[0011] At or near the wellheads, the engines used to drive the compressors are typically

natural gas engines, largely due to the ready access to natural gas and the often remote locations



[0012] Despite the initial phase separation in the
slug catcher, the gas streamflowing into the
downstream nmachi nes continues to be contam nated with
wat er vapor. This is because natural ~gas produced
rom.J.ow pressure . wells norpally has_ | arge amounts of |
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the wet gas enters the pipeline, because water is the
include they Wtd ARSHA™ angieesof corrosi on and ot her water-rel ated
damage i n pipelines and storage containers.
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Dehydratipnslngs must firg ogour 18 §ure ths: w@@as 0aters3hd pipelbnts beeause water is the
6, 238, 461, the disclosures of which are incorporated
predominhetreaiise dficorrefien end ethet watehirdatsy diuRige ia pipetinedlargl yeage
desi ccant serves to absorb water fromthe gas stream
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tetraet hyl ene glycol. These glycol solutions are )
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stream. Glycol solutions that may be used as liquid desiccants include, for example, diethylene
glycol (DEG), triethylene glycol (TEG) and tetracthylene glycol. These glycol solutions are
brought into contact with the wet gas stream in a contactor, wherein the glycol solution absorbs

water from the wet gas. The glycol fluid may be cooled by a cooler situated in the dehydrator

itself, or after the compressors but before the dehydrator. As the water-logged glycol particles



This boiling point differential makes it relatively
easy to "dry" the glycol solution, allowing it be
regenerated for future use. The ability to regenerate
the glycol solution is particul arly inmportant in
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widely ustd birauscerfohe Umith egmcitpned lost saturatjorathseshoids bfithe dekiosaats, and
that are introduced into the gas streamas the result
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conpressors and the natural gas engines that power
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especially a glycol desiccant, is in the dehydrator.

[0015]  The dehydrator tends to become the collection point where a variety of materials
come together. These materials may include those that had originally been part of the extracted

natural gas but have yet to be removed. These materials may also include those that are

introduced into the gas stream as the result of upstream processing steps. . For example, the



contam nating materials, together with other remants
. such as soaps, residual pipeline scale and coa
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centrifugation, or subjecting the emulsions to

the dehydiét@fstarnﬂ%erfdb%ﬁ?eanm%‘{ﬁers mﬁ@% cl%@ﬁ&ir outr@ithe %lycol supplies
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wat er-in-oil enulsions are problematic. 100171
 practical emdpioiits,icspesiadkydecayst Eiald proeassiag of vataral geonasiiyaakesmace in
to facilitate the separation of water contam nants
- remote arttisom t he oils and oil-soluble additives. They tend to
concentrate at the oil- 7 water interface and pronote

[0016] COR) BRBPOaR e‘ﬂ{uliibﬁbﬁ\@du%ﬁ if{sapéRbtFoall ¥ I@esms t®install additional
demul sifiers to break up water-in-oil enmulsions is
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emulsions, such as those typically formed in the dehydrators, are too stable to be broken solely
by the mechanical processes mentioned above with adequate timeliness. The use of chemical
demulsiﬁers has proven more satisfactory in other instances where water-in-oil emulsions are
problematic.

{0017} | Demulsifiers are typically added to oil formulations to facilitate the separation of

water contaminants from the oils and oil-soluble additives. They tend to concentrate at the oil-



parts of the pipelines and storage tanks. [0018]
Desirabl e properties in denmulsifiers include: (1)

rapi d breakdown into water and oil wth m ninmal
anmounts of residual water in the oil phase; (2) good
_ Life; and rafi o Certain .
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water-in-olié emglsfopis nljolp@@pmkt, LeS. Fatent dond, liSpSoddiselosed damulsifiers that were
exanple, in U S Patent No. 4,229,130. [0020] O her

the reactiém padusvaif @n alken Plsticciltoruhisidtide bs adid ahdisieailihy aldklyydenesin, and
glycol and its derivatives. For exanple, U S. Patent

the react1N9proﬂu@{7c>4aﬁ %fkeﬂj'l%cﬁﬁ@ inH,f%l'rlﬂg alkPh1y POV B2 QB e UND P4Rint No.
break water=-i n oi | enul sions, wherein the

4,743 387%?5%1%&68%%1‘1;% é’%}?j Rezq %{){ngsc‘ %&g ISIﬁglrSf %%&q{ltr?geélﬁ]

production

containing GFpf The‘aﬁrﬁf er@ﬁ@id e ”%r@rﬂasvgfsf‘? Bt P el irogrr i te

and 4, 500 U S Patent No. 3,835,060 taught

carboxylig emfitéastof eeids. aaions pplyethst shains and byt R&WW% acids were
gl ycol and pol yoxyet hyl ene- pol yoxypropyl ene bl ock

found to iropaytiardarly duitgbleRhtracteridos i3 (&ATSTILET pricssbs ed
wat er-in-oil 8 denulsifiers conprising

[0019] U Phﬁ@:hbh@%ﬁﬁhﬁﬁglbcﬁﬁpd\@ﬂdg hie At krdfvrb Giee dRuRg properties in
pol ymers. The polymers of that invention were

some instﬁr?ée?%?gxaﬁﬁrpﬂ@ﬂ?@ 3 PeYak Kl gpogRgbymers and copol ymer s

mononeri ¢ al kyl'ene oxi des havi ng a single vicinal
[0020] SRR 185 ouszate':rl-'llﬁI hled’f:: MiSifiers' mclucfé poewalk)%’ne glycol and its

derivaﬁves. For example, U.S. Patent No. 4,374,734 disclosed using polyoxypropylene polyol to
break water-in-oil emulsions, wherein the emulsions were formed as a result of surfactant
flooding in a process related to oil production from wells. The preferred molecular weights for
the polypropylene polyols were said to be between 2,000 and 4,500. U.S. Patent No. 3,835,060
te;ught conventional demulsifiers such as polyoxyalkylene glycol and polyoxyethylene-

polyoxypropylene block polymers, U.S. Patent No, 3,577,017 disclosed water-in-oil




5,407,585 disclosed a water-in-oil enulsion

; denmul sifier that was a derivative or adduct of a high-
nol ecul ar - wei ght pol yal kyl ene gl ycol and et hyl ene
oxi de or diglycidyl ether. Methods of making

demulsiﬁgg%?égﬁa g{ngéb{ge}qﬁlégb\{ gétﬁ%'?%%gﬁtn Abmgr' qlbggé F@h&i@ :poi:y%gers. The
10/ 524, 555 (published as U S. 2006/ 0167321) di scl osed

polymersf ihap nventiest wergielegted Sivanpelyessisbivanspolymats ard ¢anohgners of
wat er out of a reaction m xture conprising

monomeriealk dhyceafes mmingrasingt piranal epegazroip | Burtherthére, U.S. Patent No.
presence of a heteropol yacid and a hydrocarbon. The

5,407,5838is61b&A W witeOfn-di hemulgioh @ mdd Bt ttha R iaGRtivaie @aduct of a high-
i ncorporated herein by reference. [0021] '

moleculaggwlmghg%(glg%fﬁ%ﬂe%?glI}'E&Oa‘ﬁgI%ﬂyghgrog{%tor d'ig??'ag}\/}eel’l?err. RRLhJRRF

H o enot e b Uy processi ng S:: tes.
masing G SR BHATL B 030 PP, 5 St B,
U o R R SN R G

it is desirable to use the sane oils to |ubricate the
such a copalpmmeebys distlliag dvat¢roubnfi reastior] DOXPE compvisingtesrrlydrofuran and
| ubricating oils are nmachi ne-specific. For exanple,
alpha, omaih Hiols ifitheepreseense ©pa hewpolyasidrmd pdiysimicpivanl Fhe dis¢leAdps of the
and ester-based products, oils nmade with synthetic
' cited pateaf"%ﬁ&ﬁﬁfﬁ%ré)ﬁ&&@omeiﬁ%ﬁ%féﬁﬂcé’}ﬂ th products nade
wth mneral oils even if they are designed for the
SR At ; ' te field
0021) - IBARHRE §8leh URSSRHET: bR A 3h KAE SRl remote fie

.Chemistry that., mght |lead to .undesirable chemcal, . .. .
processing ity | WHYCT FOHEHO™ HEBI LA &V RREepPaNatd oo o0 Dricring ofs
on sensitive machine surfaces. In its mldest form
that are compatitde faidhe canenTessPTAHAsi Wbk asrihe @igl%estt%attpﬁté’eégw%ﬁ%ﬂli’fesso"s-
may | ead to a degradation of |ubricant performance.

This is bdtwess, atrthésha¢motesites itds dénirablede usaithk esme phetontubricaiethias
never been previously oiled, the wong 9 lubricating

compress8id anld$hd sidigal | y added to a vessel that already
contairns small anounts of the correct |ubricating

[0022] mdonv%tiﬁnﬁﬂ]ugﬂ&t&?%s A AHEShid-sRLIR. g Bkarile, WANHSRed

the engine, but it alnobst certainly will inpede
exceptior‘%%Ers&%gggﬁglpg%ﬂtgﬂﬁ @Abyﬁd e%?e?—b%gé%ivﬂrgﬁﬁjcté?)éilg Bedk %ﬁ%‘}ﬁﬁletic
base stocks often cannot be mixed with products made with mineral oils even if they are
designed for the same application. Moreover, some lubricants are incompatible because of
differences in additive chemiétry that might lead to undesirable chemical reactions, forming
" insoluble materials and depositing on sensitive machine surfaces. In its mildest form, adding the

wrong lubricating oils to the equipment may lead to a degradation of lubricant performance.

Even in that instance, however, unless the machine has never been previously oiled, the wrong



the other end of the spectrum adding the wong oil to
certain equi pnent may spell disaster, causing severe
deposits, wear and filter plugging, and resulting in

extensive damages. [0023] A synchroni zed approach t hat

lubricating ﬁ?lé;; cal eag gﬁ&%{ tg?qsv%g%&%galgqg%hgggt@gs :s%@h Eﬁ@igts of the correct
associated with applying the wong lubricatin oil's.

lubricatingieils Migptedhe Rame gradescef calsingighiannt damhge @e@amgeqw itglngest
avoids the need to stock different types of

certainly vilbmgedt padomdnse &datwoes thetare previdee! Hyhtha dgendéthihebricating oils. At
invention therefore further provides the nmethod of

the other & ¥th@sfdcROME addiRd theatrong oRid cERAMPESIiHrhOR nhBr spbhdisaster,
conpressors and the natural gas engines that drive

causing spYR Rr SR R AEm RNMRIE Hhe ipEnp RNt

that lubricate th ors and/ or the.en

0023] ¢ bvmetiRei-EF G FOTRLEGRS Bmepeen end SRSl s gome
bUI | dup of emulsions .in the dehydrators apd other . .

interchangraRiesti s ¥Rl drglimingtssthe p@lsﬁzeefowqﬁe%“ffth @gﬁlywﬁge prongybricating
present invention provides |ubricating oil

oils. Thiscapppeash is epecislhadesanie bseausatsalsofaypida she toad hastoekadifigeest types
conpressors as well as natural gas engines, said

of lubricatingpidsattor @8 the orfhdage Thidlihveation tHescfofe fdfthaqarsdmghe method
and netal -contai ning detergents, and one or nore

of using a%ﬁfbﬁb&{ dilcapRitfonab t‘h@ c8RBEasork and ih@'nﬁhiral%s engines that

e the orrmtlon of. emul sions in the glycol
s and ot her downstream nachi nes. [0026] In a
dnveﬂmﬁgggogggégéect the invention provides a nmethod of

- lubricating t s and/or the
natural gas e@]\&&‘gﬁ?qgm‘i@mfﬁons of the
first aspect at or near a 0 natural gas wel | head, so

[0024] ¢ Fehas heereiound thehadsding é%ulsuﬁerﬁetp sheppilsctheh lgbrinnde e yomprassors

in the dehydrators and ot her machi nes downstream
“and/or thd @@Xek than pawehthosk asyeedsorsicompeteutn rénpovep tiebiudidep af emulsions
met hod of lubricating the conpressors and the engines

in the dehiyBtor NWE6thEh@SMseoMmmeRERES W th the sane,

i nt erchangeabl e conpositions of the
[0025] In a first aspect, the present invention provides lubricating oil compositions that are
suitable for use in natural gas compressors as well as natural gas engines, said compositions
. comprise small amounts of dispersants and metal-containing detergents, and one or more
demulsifiers in an effective amount to inhibit or reduce the formation of emulsions in the glycol
g dehydrators and other downstream machines.

[0026] In a second aspect, the invention provides a method of lubricating the natural gas

compressors and/or the natural gas engines using the compositions of the first aspect at or near a
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first aspect, so as to inhibit the formation of

emul sions in the dehydrators while avoiding |ubricant
m X-ups during field processing. [0028] Persons
skilled in the art will understand other and further

obj ects, adyvantages,. an features of the present '
natura! ey SfieRd, S MR e 20 lgveR VRS R siistpts sl BRIt
‘DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0029] Vari ous
dehydratoys and ptheymaghipes dsvnsierenbodi ment s are descri bed bel ow
by way of non- limting illustrations. [0030] The
[0027] priesdhird aspeetnthiednvestion presdes armabod plubrieasing dlscednidssors and
above. The conpositions are conpatible for use in the
the enginBathdt pdwgabosecos®asidrg withehelsanvd, irterdRirigeable gadpositions of the
conpressors and natural gas engines that power the

first aspeftQ SPLLHIRMIBit el 8 SRS tmul 6n LR TROSH ST Mhilk Rfoiding
present invention conprise an anmount “of one or nore

- . | sisf i .e sufficient and conpetent to
lubmant%ﬁ%ﬁg?tduréréflg@&:?&ece?{%lgg.amum of emul sions forned in
t he dehydr.at ors and .ot her downstre chi.nes. .[ 0031
0028] pFeogs HELEHTBs 5 wifl ypkrgiond aiber ?@ﬂgﬁg@h@ ftaRtaEed, and
(ttfy ically used in the oil and gas. industry to
features éﬁw@g@t Haentien byjeefergicee thenfodawingiesemiogspi pel i nes.
This practice requires the engines to run

cont i NUODEMAIREDDDESERIPTION OFHHEINMENTHONown onl y
for maintenance procedures such as oil changes. The

[0029] Needidud pfeférréioRhtuftdQHE kdbbgidientsirt déseailedbaowdysemeasfaon-
demands on the suitable lubricating oils for those

limitine AN . [0032] The increased operating severity has
hmmnglﬁlﬂgsa?l%ﬁsead to added incidents of engi ne exhaust - val ve
|y .k . "val i.an. N s
onsol 25 FETTEOA B s B B STl P mosicons
exhaust val ves and/or the ethfH t yﬁl ve qieats d
are compabiple {praee drythynaliefi A BrOSHw e} %WG T BgheqUgRgssers an
conditions. It is known in the art that netallurgical
natural gasmmginee thet pewetrthe apapreasods. Kurtheemersathe pamppsitiprs ¢fithe present
little to relieve the wear. Certain lubricating oils,
inventionOddnifiise @h Afouhvdtne oneroee danmidifiens thitfaee suffieleyt andsompetent to
the val ve recession problem U S. Patent No. 3, 798;

inhibit orrfduceltRE amount of emulsions formed in the dehydrators and other downstream
machines.

[0031] As discussed above, natural gas-fired engines are typically used in the oil and gas
industry to compress natural gas at wellheads and along pipelines. This practice requires the
engines to run continuously at or near full load, shutting down only for maintenance procedures

such as oil changes. The need to run continuously near full load places severe demands on the

* suitable lubricating oils for those engines.

11



exanpl e, disclosed a conposition as well as a nethod

of maintaining a |lubricating anount of an oi

conmposition conprising a base oil of lubricating

viscosity; at |east one alkaline earth netal

S onate in an.anount Suffl Ci i.npr.qve the .

adreeEhEst Bl SR e fi Sl adicd Bdio peshgine exhaus

alkallne earth netal salt of a condensation product of

valve wegfiORIRQNI L KBOWRB RS, 2if Yeerecespion] erefipine, sitknd Theseiarmas sefaitte the
phenol, in an anmount sufficient to inhibit recession

rapid weagfof theeexbagst malves anxdhaube extabisteralvetsoats thperiengridrie’ engines operating
cyl i nder head. [0033] Moreover, because the

under highubad eatiitiogs oltlisknsadinwhé brt the sRtneing Smpfe sl @€ valve and
to high tenperatures, the lives of the oils are often

valve seal indlcti8R dRY li@kitd ﬁélfﬁ O the A0t CORBHIYbriAARH6RA, oﬂ"ﬂ% other hand,

engines run wt en1SS|ons of nitrogen ox

were fourllcﬂ%s fe ttl] el | i’e‘é?l%gt?[}eo\%al e re l? rfc(i)l atélbrfgnou S PX gil\g)ag(;}‘)g"?ﬁ?; for

as en Is haye | Ilfe

example, émime@acgreg? 5o besch Petber e PN aig apiGH g Amount of an
Engine oils having the desirable levels of resistance

oil compasiivan deammistheschaspeid of hibrisatingr visgosiy;tat lepgirongsdivabine carth metal
U S. Patent No. 5,726,133 disclosed a long-life and

sulfonate liowa amburgaaffeigit feingirbvd thatdefeagentcypf the edmexditlar;iand at least one
and nitration- resistance. That oil conprised a major

alkaline cBf1R witkal Qhlt 8f HasiRlcAatioR brddbf dfamtdlifdend peRSAhY, andiMMEhdde, and a
m nor anpbunt of an additive m xture selected from at

substltuted‘i)iﬁ%%ol %%n%rhﬁb%u?ﬁ(ﬁ%ﬁblﬁ@?ﬁ ?%Egslﬂ:)rg@g 1?%%4 s Qﬁ}ﬁhﬂgvalve into

base n about ess, and

g d, a or al kaline earth netal salt haV|ng a
the engmq—éﬂylgrrd 5%5%{' 125 or |ess. Moreover, U S. Patent No.

_ 6, 140, 282 di scl osed .anot her 12 Ion life, lowa %1 .
[0033] o MpraeVesi hecryss thekhripating il used with irsesreings axe 813%%? & high
of lubricating viscosity; and a m nor anount of a

temperaturesy therleves bf hewodls afe oftendimitiet ey gpadation. Adskiticrally, nswral gas
salicylate detergent, a netal sulfonate detergent,

“engines r@N@iBhigh dEkdbnyiTtenws @ndsides g&his, theldd4d bf e lubrcatinpeils may
hand, the conbustion of natural gas is often conplete,

also be lIRBELRhitAGon VN:&H@anM/ RQS H%@Hfél{ﬁét't@é @as@&ﬁ%'oﬂls havellaHg life
the durability of the cylinder head ahd valve is

through e ntg%cﬁ%ets%gaﬁlgé( toh &Fo &Po“:ﬁre[ndq'ﬁ rﬁ hﬁréé%gél)%lgsg}?d%ngafﬂg dediSble

Fate. nseq en

[0032]

levels of resistance have been described in the prior art. For example, U.S. Patent No., 5,726,.133
disclosed a long-life and low-ash gas engine oil that has improved oxidation- and nitration-
resistance. That oil comprised a major amount of a base oil of lubricating viscosity; and a minor
amount of an additive mixture selected from at least one alkali or alkaline earth metal salt having
a total base number (TBN) of about 250 or less, and a second alkali or alkaline earth metal salt

having a TBN of about 125 or less. Moreover, U.S. Patent No. 6,140,282 disclosed another
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typically have specific ash content requirenents
because it is the ash that acts as a solid |ubricant
and protect the valve/seat interface. Running the
engine with too |ow an ash level results in shortened

.. life for the valyes or cylinder head ile runni.ng ..
long-tife, dpyw-agh g@srf'éigwetqﬁf %@f&ompgﬁg% giar et of s ol OF Ribriating
excessive deposits in the conbustion chanber and ]
viscosityysindtaoningr smeunt Af e arigivngpisevetabmatahdetprgorts, sush af ¢ agtal palicylate
focus in formul ating natural gas engine oils. 10035]
detergent] amemipaEfinardetorgdntr and/qgasnaalhenss detsrdeave t heir own
lubrication needs. The factors to consider in
[0034] T @ E BtHeP Bark PRI @8Rt drF laB Rl ghs POFted cofffleté Qenerating
overlap those in formulating gas engine |ubricants. -
virtually 2 @Bﬁﬁﬁsﬁfb&é HBHERN tI‘ﬁuM%.tdu{ybm@ of thre%&ﬂhélé? GeBLAd Vihve is
and/or “sliding sc

rews, pilstons; crankcase conponents

conrone SR B8k e RBFT 4R8P OB T RGE OB R s crnes
) adi abatic conpression or friction, of novi ntg arts.. .
typically herescipeeifc appqRignt seIrsREREDECASS H Abihe peh the atbas a solid lubricant
. therefore required for conpressor |ubricants, just as
and protetithy valve/sca intenfag. Fomnipgsheengimewish top, loruastash eyel results in
oxidation inhibited lubricants are also desirable,
shortened?lifd faithe VEREs HF Giadéri 1RAd,i whilf fuening dedadine[\0ifiBtj high an ash level
Lubrication requirenents differ wth different

causes ex%@s@p/re%l%é&fi iR BRAAMuS on MBinbedri Jift6A arcd.r Neddtdiakly, the ash

eature or exanple, lubricants that are used In

: ecj. pr.ocat, i . CQ S Just. have two separate
level is ojf:tﬁfhﬂlfaif%% A F‘%T‘q‘ga?‘%“gﬁag %%géliglgé; ion for the |
crankshaft and ot her portions of .the rive train,a
[0035] ¢ rlaﬁgﬁpérsﬁognm&ar@i ASPOMDERSSIS RAYLED P;"V"gHb”?(f’élj’“ oblis? A factors

providing lubrication for the 13 conpression chan‘g‘%‘. .

to considdihie ol ating doprpressor brieants/@ay pamAY AAPCFAR 8Hss 4} fopmulating
requires a stable material that retains its viscosity

gas engireNabridabisi Cainpresspr lopsednitemusinuatectvatating beasngeand/or sliding
operating conditions. Materials neeting these

screws, pisEOHY EEARRALS cdRSddAR andl Othc}atD | Bepehdigh opelid comprasser design
ester- based | ubricants that have been di sclosed in

and type,jthggeh {a%:fr{ %faug‘{:g m%g ib%:] g[salpér%lgd B NBaHaHPEhEBRES 0R br Ridtidn bPMmoving

aIrrcrart en ( e second functron, i.e., _
. B R A 20 ORGP LA e
lubricantg,?last ia? Fchee;f r;?el reagirrrgdufsotr iggsnenegri]rgei (?11%.3 ’Rutsp e?nd oxidation inhibited lubricants
are also desirable, and antiwear protection is often needed.
[0036] Lubrication requirements differ with different compressors because of their distinct
structural features. For example, lubricants that are used in reciprocating gas compressors must

* have two separate functions: (1) providing lubrication for the crankshaft and other portions of the

drive train and transmission parts of the compressor; and (2) providing lubrication for the
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cylinder lubricant in reciprocating gas conpressors is
injected into the piston chanber, is not recycled
subsequently, and exits with the conpressed gas. Thus,
| ubricants for these conpressors nust not only have
hi gh resistance to degradation under extrene

ompresst P’g% r 8% lghydcatign @g thedsive tgin angl asmgssiog; 1pavifes gstable
form ng sludge or varnish in the val ves. They nust

material thitgetalys itsefiscesityi and lubricating brapegiestuedénvagpdesevers opertiog
excessi ve contam nation of the exhaust conpressed

conditiongaMatdrizal ek tingahese r¢tuitepmntsSndlade, f@Gixpmplahigheperformance ester-
conpressors nust have IOM/vapor pressure and good

based lubﬁbzﬁﬁ@ﬁﬂa{ Hav%tb%@x'x HisElpsedAR tIREHE a8t QftudiRWink BRI 18bricants or oils for
: [u rlcatlng oi | COﬁ'pOSltlon for a reci procati ng

jet alrcrai‘[f 8@{:}&%3 ﬁ@o%rdmcﬁ{/ ke erHrrérlugl"iléa?l% Nﬁ}e c%n‘l]p}elssf%g %hamber,

a_m xtur s. and t he bri anI
is specifiCHAR g QSRR R iF RS T Bieradldor bpgionspBines, te
prevent netal-to-nmetal contact, the |ubricant nust '
cylinder lpbr@ﬁppg@ rgmgg@pﬁupgggqsu:ﬁm@ﬁorg &s lgyjeétpélﬁptodhg piston chamber, is not
reconpressi on, which occurs when high- pressure, hot
recycled gphscqmentip @ad axitosith tHeeospad ssedogaswddms, tihericantsdpsthased
ot her nmeshing surfaces and is conpressed again. The

compressbid st abi iy BiveshiflPfestshRSE toCAVFRIAE 60 1B bk REMS BimfRratdres and
cool ants, renoving the heat generated during gas

a
pssesAEREIEE A AL R A P o
.. the SSor s And cause the | ubr n
effective @owaif’%? R P RO s RS ’?*ﬁ%%@a‘fsp —
onpressors, the |ubricants experience hjgh shearlng

ges. I adipiiet, TeRiCABIE FOTREIDIOS R RRURRIRRS OFIP B SV e gM VAR Bressire and

| ubricating oil conpositions for rotary screw 14 type
good viscofitycssalplieys Sor exampleobearitabledubrirating oH comgpostipw for grgciprocating

for exanple, in U S Patent No. 4,302,343. [0038] A
conunameWMﬁdeoﬁﬂhngHSIEmgnhb.Hubtﬁ@ant therefore may not

necessarily be suitable for use interchangeably with

[0037] 2IERRHESSRirew COMBMSors, Ir&o?s%@ EQRIIEE 1oM InixthiReRAS &N he
invention, a person skilled inthe art will be able

lubrica'nt.t f e{dﬂ[)[&l tﬁg)?o‘h&ﬁﬁg L eRh i 91' the F&gt}jtgsﬂré\}eﬂpﬁlefaa -nfélaf contact, the

r suc I nt erc angea uses wt OUt undue

eri nt ation,
vid

h riteri in
- lubricant {Iw t provide a sealing’ funglonl{o pretvel%: gcas réc%mp?es%%a B

n, w 1ch YoL S When high-
pressure, hot gas escapes across the seals between the rotors and other meshing surfaces and is
compressed again. The lubricating oils for these compressors often serve as coolants, removing
the heat generated during gas compression. These oils must also be suitable for lubricating the
bearings at the inlet and outlet of the compressors. And because the lubricants are in contact

‘with the gas being compressed in these compressors, the lubricants experience high shearing

force between the intermeshing rotors. Suitable lubricating oil compositions for rotary screw-

14



performances of the desired conpositions are eval uated
are known. Base Qls [0039] The |ubricating oi
conmposition of the present invention typically
conpri ses one or nore base oils that are present in a

type of eqftbisoR Rt et difiose T BRI ¥ B7 sFirmb B8 %at%%&uom
reater than about 60 wt.% or greater than about
_430234 .% or greater than about 80 wm.% based on the
total mass of the_ lubricating 0|I conposi tion. The
[0038] baﬁs@ormentlwé glas gngingdubrigant dharciferg mesymsd seackwnilobe suiable for use
invention may be a natural oil, a synthetic oil, or a
interchanpgabl uwith alvempedssorp Hwieded i hatordanee with tleegrizdeint irtvbmtion, a person
requisite thermal stability and resistance to

skilled inQ¥¢ SHaLA10Be @BIE t fdrmalateobriBaRe ¢l do%ﬁb@ﬁfbﬁ@ﬁﬂaﬁé@ QuitfMle for such
use with the present invention include ani nmal

interchang ?et L GrithBANRIR eHeritaed c#?l%}ll GecBYA"R éﬁtpﬂ? aé%.'glls% whiich the

ricating viscosity and mXxtures t er eo nthetic

h |Is [ clude | o hai n al kanes such as,
performagtis of i cAfecbortsiiont 86 £ SREieAAR BifiRer o such as. 1 or
exanpl e, oligomers of hexene, octene, decene, and
!&ﬁﬂiﬂhﬂodecene Synthetic oils may also include (1) fully
esterified ester oils, with no free hydroxyls, such
[0039] aThpdutnizating bil ceroposititnerfhepresem deentio Yipicellnepmipgrises one or
having 2 to 20 carbon atons, trinethylol propane

more bas€6il€that 0 praaada s bt antoume '(ichs, anawiougt grehiter R@n abeti G0 wt.%).
atons; (2) polyacetals; and (3) siloxane fluids.

General lyEtﬁQ %ﬁée‘eﬂﬂ ¥ E’E%@lflt% aft Hﬁ’l@ﬁnit d1BatSHMARN BT 66 St 86 ordf&itdriREeabout
from po ycarboxylic aci ds and nonohydri c

70 wt. %, %* %&g‘%gﬁﬁn gﬁ&?t' %%&%l E(as Sf; ﬁ{e tggl% fHaks éfhcﬁe ﬁl%F1@£tirf§ 4i ds

estérl aerythrito
. - tri entaer thrit
compositp; B DAY OIEB%é%a‘SgWF‘ia T EPRPEY %?ﬁk% (e ey e 3gatura
carbon atons. [0040] Mneral oils are _cost effectjve

oil, a Synﬁh@hc a@,mruadmxméﬁ dhorodrrsonidgh thet tselaxhitat e gsivisiie ghormal
not required. Mneral oils may al so be processed to

stability ane desigtarseltd uxidatort amt nitrhiian. t Besy oge netehpipteddar agerwith the
residual sul fur in amounts of about 0.1 to 0.5 w %

present invehtidinsluble asianl, ve¥sthblel ihekase syrdidtictddidearboniolls ofiubricating
preferred for t he present invention because they are

viscosity bAGMiA{ires BRIy HHEA Uy drtHb AP include long-chain alkanes such as,
for example, cetanes, and olefin polymers such as, for example, oligomers of hexene, octene,
decene, and dodecene. Synthetic oils may also include (1) fully esterified ester oils, with no free
hydroxyls, such as pentaerythritol esters of monocarboxylic acids having 2 to 20 carbon atoms,
trimethylol propane esters.of monocarboxylic acids having 2 to 20 carbon atoms; (2) polyacetals;
and (3) siloxane fluids. Especially useful among the syﬁthetic esters are those made from

polycarboxylic acids and monohydric alcohols. Particularly preferred are the ester fluids made
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synthetic base oils include, for exanple,
pol yal phaol efin (PAO oils, ester (diester and
pol yol ester) oils, polyal kyl ene glycol oils or
m xtures having a kinematic viscosity of about 2 to
10 ¢St "at 100C.. These syntheti ¢ base oils are ) .
by fully esigh %?qwawa@wlpr Uy pfxfpre ‘?S‘ﬁlbélpﬁ% tripeaiaeryHsttgh with an aliphatic
[0041] Polyal phaolefin oils can be prepared by the
monocarbixiydoaeid cortaingg fodm 11020 eabopetamsher | ower olefin to
produce high viscosity index |ubricant range
[0040] hywdihezhoihoars co effaeivE€Or aplichidonsvetirgehigtdreperhtavestability is not
ol efin polymers include, for exanple, polypropyl ene,

required. RAINCRALYS B1A§ Slso bRpPeREERA%0 Ritut QlRir ¢ORehty FRthey generally contain
chl ori nat ed pol ybutyl enes, pol y(1-hexenes),

residual sgfgglyiglla]i@%hﬁrb?%i}eut tngt &,Vd ben Z/E.n $9r ifs &asa:inh @ﬁl;l?ekt)w base lubricating

ecyl penzenes, radecyl enzenes, enzenes,

. di.(2-, et hyl hexyl.) benzenes):; Rol yphenyl .e.q. .
oils are DT GT O WSFTHBH e Cerys RReaP SR et sy, Suitable
- al kyl ated di phenyl ethers and the deriyvatives, anal pgs

synthetic hpse dilsetledps farweample, pelgaabgoleiy @&Wlk@n%%ffr;@@ﬁt%wg

can be prepared by pol ynerization of al kyl ene oxi de
polyolested bitsrmotyatkyttnie il ywopoilsorenixtaadhaiéng v kingwatdc vigpasitsiof about 2 to

the term nal hydroxyl groups have been nodified by a
10 ¢St at POPCE STheSUSMtREC badearilslircmheentl@nde of hdfur fihospliovns and metals.
' Exanpl es include pol yoxyal kyl ene pol ynmers prepared by

' bRl el | ¥heléy oth
[0041] ?%’lgwgg{hﬁélléﬁg %gs Bin l?é;g% SB8 P MedfigBmeRzAR FANEdR other

aryl ers of these pol yoxyal kyl ene

owerolefR ¥ el S s Eholi e Dby e RO RP KOG G R e ChTS o

o OBt B BRSBTS LSkl i

gl ycol having a nol ecul ar 16 wei ght of 1,000-1, 500);
propyleneahietyfene copayrdens othjerinanshaaly it enesy rolyHepessnes) froly(1-octenes),
: exanple, the acetic acid esters, mxed C3 -C8 fatty
alkylbenzRfésl e @S tdetscylmenderEi Ic@xdecplbenzedes sironylbenieses, déEhy| ene

glycol. [0043] The ester oils may al so serve as the

- ethyihexyggeﬂi@nké),zwgpﬁaﬁ 1sqe.g§;tbmﬁyltsherpiswﬁbﬂmumated pllypleiolskgand

se ol l's and the additive conpositions. The ester oi

alkylatedgﬁ%gﬁgl[@ﬂér? fnd tfhg rdeﬁmg %é@@aﬁ?&cﬁmbé&hgﬂeﬁﬁt er of an

i'c di carboxyl1c dci h may be sel ect ed

fro ht hal i c, acid, , succini.c acid, .al.kyl LG
00421 ool BrRre kB B e PHFAID B e B b kSR Ede

aci d, suberic oo . )
polymers and interpolymers and derivatives, wherein the terminal hydroxyl groups have been
modified by a process such as esterification and etherification. Examples include
polyoxyalkylene 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 1,000, diphenyl ether of polyethylene glycol having

a molecular weight of 500-1,000, diethyl ether of polypropylene giycol having a molecular
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- linoleic agigetimer, and tie comuplexagstes formaddryi reprting

acid, sebasic acid, fumaric acid, adipic acid,
linoleic acid diner, malonic acid, alkylmalonic
aci ds, and al kenyl mal oni c acids. The al coho
precursors of the esters may include, for exanple,

. | cohol, hexyl alcohol, . dodecyl alcohol, )
weight Ofgﬂ@%}ﬁ@&wé HoBENEIC, PALYGRAReSHS B57E Blereadi Bf Ryraple: the aceric
) gl ycol nonoet her, propylene glycol. Specific exanples
acid estersf mixgdabCe faétsft'c@r%esrtqﬁtlaudé?mgs@:wﬂ diggtep af tetracthylene glycol.
di (2- et hyl hexyl ) sebacate, di-n-hexyl fumarate, dioctyl
[0043] scelircateecildnbg alzeisyive ag gleabhibilthingsmedia petwean dleatyathetic
di octyl phthal ate, didecyl phthal ate, dieicosyl

Jubricatinze8€ afl Landtthe addigt dmsositlond] TRE Bdterdfil mhy B&hpiige, Bfleflample, an
imer, and the conplex ester forned by reacting 1 nole -

stotaic B82S 0 T, By eldoel gt i
s 51 5504t oSBT G AL R BB e

S and pol yol esters, .such as, for exanple neopgntiyl . -
acid, sebagicaci. fomanigagidadinip pggdimoleic 5@thg‘g¢ry{rﬁ}qn@<bq¢q1 , alkylmalonic
di pentaerythritol and tripentaerythritol. Additives
acids, and @04l nEhenicddils.i Viesaledtmd pregyrsbes of thed esthesimial indhede, for example,
| ubricating oil conpositions of the present invention
butyl alcoHat, | Hedgl A¢ohef,fdeaédyy elcahialPethgtheayiel esholiilgylene glycol, diethylene
denmul sifiers to inhibit the formation or buil dup of

glycol m&@ékkﬁ%&ﬁ@ﬁlébeﬁé’lﬁo@? Q%‘&‘i@é SEnARb L e BRED il dIRity! adipate,

are rea romthe dehydrators. Additives

di(2-ethy§ﬁié§/lgs%'b %@S‘,eg rdb-iu-rh%xglr ﬁ%%patt%,ig@c?/c‘rfpaés%@z{&ﬁ%aaiis%logtgl Héﬂté" (éﬁsodecyl

i'SCOSI fover Cor rési on

i,nhi bitors, oxidation inhibitors, dispersan be
 azclate, oy pURIAS dassy DRt Bt Ep L tEedhalt Get b biEgFof
pour poi nt depressants, anti-foam ng agents, anti-wear
Jimple s sehagicragifewith two
pressure agents, color stabilizers, wetting agents, ‘

moles of baetbiylent dhsol A mdits bif Qetlpdhaxbndic 2eids. Some but not
all of the suitable additives are described bel ow.

[0044] PHSPOGscPHidks lspithétt: sty el thobemal frofnCstel ®g monocarboxylic
other additives w thout undue experinentation. [0046]

i . el r 1€ ridoPerftid o16001! i 1&lbfopane,
acids md\ﬁlfﬁi%mdlﬁll e'fsﬁgss, glFrIC?l R RAKKNAPI8 1 (l)Be V1 g1§881] PinRiEy18bRop
pentaerythritol, dipentaerythritol and tripentaerythritol.

Additives

[0045] The additives that may be included in the lubricating oil compositions of the present
invention include an effective amount of one or more demulsifiers to inhibit the formation or
buildup of emulsions in the dehydrators and other machines that are downstream from the

dehydrators. Additives suitable for the present invention may also include one or more of:

viscosity index improvers, corrosion inhibitors, oxidation inhibitors, dispersants, lube oil flow
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especially in the arena of crude oil production. It is
known that denulsifiers break enul sions of polar
solutes |i ke water, and non-pol ar solvents |ike oil
They are commonly used in functional fluids (e.qg.,
r enoval fluh greases, rust and OX|dat|on
improvers, |dGFea&£ankﬂ*rr3§}| iplbyipts spouE BRI deprgisants,qny-fopmEgsagentnnti-wear
transformer fluids) to inhibit formation of enulsions,
agents, sqg} segdlagtau frigtion snadifers.reaireme gesselro paehits, antor istahilizits, wetting
corrosion. [0047] In their broadest conception,
agents, babearicideisf andlraglddive solmtidizeds. Sopkitubhdt all dfohpaiintk. addeees are
e.g., Kwetkat et al., U S Patent No. 5,997,6610. The
descrlbedméﬁfv@ Phérsis SRATHIR 'fhe%’t WilHsatIStof defict HBYr adaRNe8 Without undue
formal Iy charged residues such as cationic, anionic,
rionic residues, or it may contain uncharged
: eXFmnnwﬁeé%élrr?lzed resi dues. The hydrophoblc portion of a

d f| nc f unct.i.onal rou
[0046] %ﬁ%ﬁ‘lemi? Lk Sl p-aH e haes a5 SeDeBoReaT b
derlvatlves even ponS|onane functi onal groups

especially ipghgarensal W@p@@gﬂql‘s T isdeneind haf deayplsifiers break emulsions of
typically used to evaluate the general effectiveness

polar solutés likecwatprn amdinespeladwivdngs likicaril. Thegese cimpmonly wed inHiugctional
test may be found in the Annual Book of ASTM

{luids (e. St aadbredifovaMbbids, @pe49ds, rwhhdotidationcui g hadiadlid 6L compiessor
reference. ASTM D-1401 tests the relative speed and

oils, fuelseéﬁc?@&ns%m{i? AUldR) {ol ifkibit 20 nARRAS inlifsfir n’&reak emulsions that have
denmul SI fiers. The standard ASTM D- 1401 test procedure

xing of 40 nL of an oil phase and 40
devebpe&%u%? (é%%oesbglﬁs phase (typically deionized water),

d eri od 18 to, al | ow.t. hases t
0047 eheondbndopgup= e HBTmALS AU oL L HE PoroundS. See,
expressed in the form O WE (T), where the 0 is the
e.g, Kwetkal efrd., &F.S tHagensNo. pagg610.\Thehy ephili¢ persiopfof g femulsifier may
aqueous phase, E is the volunme of the emul sion |ayer,

contain feamdl]¥ chagédhmesidueesuch at edmid, anianie] evizeriinddiesidues, or it may
separation of the two phases. The standard test is

contain uﬁt‘%fgéﬂ Bslardded28Gducthehe h?dﬂ@ﬁﬁ&bl& B&rion @f & ABElsifth tnay include
however’, me mefaamylmdlledton1mcthe

long alkyPﬁﬂgﬁJﬂa &%@)}] ghﬁﬁfu@li‘ rfcﬁ@ﬁdl L%IB, e droleum derivatives, or

OITpOSI lers C therein

evenpolyplgoxane&-lunctuonaﬂ grosl%%m fically, the testing tenperature

[0048]  The ASTM D-1401 is a standardized test typically used to evaluate the general
effectiveness of a compound as a demulsifier. A description of this test may be found in the
Annual Book of ASTM Standards, Vol. 05.01, which is incorporated herein by reference.
ASTM D-1401 tests the relative speed and extent of demulsification among different
demulsifiers. The standard ASTM D-1401 test procedure calls for the mixing of 40 mL of an oil

phase and 40 mL of an aqueous phase (typically deionized water), followed by a period of time
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preferably |l owered to about 20 to 27C, and nost

preferably to about 24 to 25C. Mreover, the aqueous
solution added to formthe test m xture is preferably
a brine solution rather than distilled water because

to allow e GaRRF Bescpiale oprralie it RED. g PGS ReEistd in the form
referably, the proportion of the brine solution is
O/WIE (Bapiistedte Ois hiaomeokibn edimbase Mohe golupe! dmssaaiese, B
in the test mxture mmc those in the actual
is the volanilo$ iteresnul§ion £§Er, Ghe Tde thel tihdé iteakes of adhivye stableaparation of the
i nvention may. be selected from known demul sifiers

two phastd) AheMahdaidabitgs partbringaat 54700l Thened@idandaestiog Sonditions, however,
tenperatures. Preferably, the denmulsifiers of the

are prefe%é%%@i{xhg\{@ﬁﬁﬂlﬂn{hg@({Iﬁﬁ(ﬁ({r{s nBer30Qeh Hr%ﬂﬁmdaﬁﬁg BillcBmpb&tions

test at ower, nodified testing
te at ur ich si | ate the l,..oper.at. -
and the GGG thoB@nod Peith SUTHyRh G SRRl uPBELALERBerue i
resent invention are ef erab ow ash,. .or t
preferabl GG POhShIRSEC B8 ROGITE EBIGP AR e rforeover, th

orifices of the conpressors and the engines. Such .
aqueous sidtticrsslded enivtmithe wstomixtyre ieprofesabdy abeine sotptien rather than distilled
sul fonates, am ne sul fates, am ne phosphates, and
water be@ibd e coatidgion dftadsine Fokitide mdrs tlobely sesamblep thett of thsleynulsions.
| ow foaming, with |ow viscosity and/or have the :

Paﬂiculaﬂ? PRGNy GieiphblioRlidn S1ahé BEhOSIuH¥h i@%efBlaky tiarthedonesirations
of "the present ‘i nvention conprises a polyoxyal kyl ene

lycol i.f i of ‘
o e cofffifly et L8 AR P Cleed G TaammAsE o0,
of the present . inventji.on vary subst.ant | -
10049] e RS MRt ReRbe B SR Rapikn difpisicer
19 be sufficient to inhibit or reduce H"le formation o%h
- that are stabld ariddnctional wndeeanans JerBPY AR ST¢ieR Yd%ﬁ@mul% s ol the
conmponents, for exanple, fromabout 0.01 to 2.0 wm.%

present ifvenfioe amnaistytef gonpetfornarge in thecA ST il 404 testal dle lowver,
the total nmass of the lubricating oil conposition.

modifiedBRSSHR! tehyeraiR@diviRAsEnulafe thigctiul@pernting tengretdtams in the
conprise about 0.1 to 1.0 w.% of denulsifiers, based

sy, 3 SN SAOdy o
ashless, t%xaivg%tcilggngirilgnﬁitgis tar?c'{ griﬁées%?'ﬂjleoegngﬁ&tsﬁrs%ﬁ tl%eer%%%d Shéh ashless

| demulsifiers may be based upon amine sulfonates, amine sulfates, amine phosphates, and amine

carboxylates. The demulsifiers are preferably low foaming, with low viscosity and/or have the

- capacity to inhibit corrosion. An exemplary embodiment of the present invention comprises a

polyoxyalkylene glycol as the demulsifier.

[0050] The amount of demulsifiers used in the lubricating oil compositions of the present

invention may vary substantially, At the minimum, however, the amount of demulsifiers must

19



the lubricating oil conpositions of the present
i nventi on because they reduce the tendency of base
stocks to deteriorate in service, prevent the increase
in viscosity, and avoid sludge or varnish deposits on
netal surfaces. Such oxidation |nhibitors may include
be sufficighio phib ppregce tﬁ? gn sﬁ@ﬁmsg{m i) thg dehyraigrseand ol
salts of al kyl phenol t hi oesters having preferably C5 to
downstregp zompprsrits, $pirxampld, from ﬁ@mtﬂ.ﬂmtm%ﬁw/tdhewmref@mb¥ﬁ ldern about 0.1
ashl ess oil -sol ubl e phenates and sul furized phenates,
to 1.0 wt phdagddasuthé wialzeds of theUlbrivating dil kyohposiaeh obsemplary embodiments
phosphorous esters, netal thiocarbamtes, and

of the preéntiS@htibh @oﬁ?ﬁ’é&%oﬁ%ﬁﬂﬂ@%% o dafulkiREe baked Ghithebtal weight
in US. Patent No. 4,867,890. Phenols that are useful

-t hi i ncl ude various al kyl ated phenol s,
of the lub, ﬁ%é}tgﬁe%kggc%%ﬁ%ﬁ

ol s and phenol derivatives such as

t -but yl. hydroquin but yl.at ed. hydr oxyani sol e
o051, 3¢ iditon i G S CiS e, Bhiah FObER R F P RS oy s added o
cal kyl ated hydroquinone, 2,5-ditert-aryl hydrogqui none
the lubrlcgt,ug o E:IQPPQS‘}}@RYWOf ﬁmpﬁﬁq@pb%pqtlon because they reduce the tendency of
2,2' -met hyl enebi s(6-tert-butyl-p-cresol); 1,5-
base stocksatplietealomte th sstviced paventthe bicsdase ineviscosity,\and aveidebslgy or
p, p- bi phenol ; butyl ated hydroxy tol uene;
varnish dépchits bl neldl deifivlps, S§@cht Bdidatiox iylibitore heghglude one or more of
- 4-met hoxy- 2, 6-di-tert-butyl phenol; and the |ike.
hindered ARENRG, FREH R dARM Sal GRS HEQKAPRERYHR AT HaSing PRLeRABLY Cs to Cy;
m nes, ketone-di arylam nes, " al kyl ated
g . . . L. .
sy sia RIS D58 MURE A5 s bR e
i nventi conpri ses, an, over based,, sul furized cal ci um
phenates, sasPhOR Bt AT FRGAKESRATDEAras: PROSRATTEE SHmanyicl
i propi onate ester as antioxidants. 20 [0052] Frictiona
thiocarbappgtis f androil-spdyble penpeneompriindg srhtas thess descsibed 11 Eie Faigent No.
of the natural gas engines and the conpressors. '
4.867,8900 Phenols it arcabskfint yorahis purpse inchnid vdiioamalkgsted phends, hindered
known frictional nodifiers. The am nes may be used as

phenols afid ?Herﬁ)‘l dérvdiives §uRh Ay ebugNhadldgdiboy, b aedd IBRlropaaluRt
wi th a boron conpound, which rmay be, for exanple a

IGspREld ' t i j ]
s S5 0. L0 B 1 B R g ol st

frictignal .nodifiers, re be esters; f . py.
hydroquiscy - AR Ry Sl oo Bk B0 pREEH: B
al kanol s. O her .
naphthalenediol; 4,4'-thiobis(t-tert-butyl-m-cresol); p,p-biphenol; butylated hydroxy toluene;
4 4'-butylidenebis(6-tert-butyl-m-cresol); 4-methoxy-2,6-di-tert-butyl phenol; and the like.
Amino antioxidants include aldehyde amines, ketone amines, ketone-diarylamines, alkylated
diphenylamines, phenylenediamines and the phenolic amines. An exemplary embodiment of the

present invention comprises an overbased, sulfurized calcium phenate and an IRGANOX™ [.-

135 hindered phenolic propionate ester as antioxidants.
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conventional friction nodifiers generally consist of a
polar termnal group (e.g. carboxyl or hydroxyl)

coval ently bonded to an ol eophillic hydrocarbon chai n.
Esters of carboxylic acids and anhydrides with

al kanol s have been descrihed jn U S Patent No.
[0052] 4,%&?%@3@?@5?? A&y ag%?}w@ggftdrw e il dhapatural gas
o friction nodifiers, including the often-used
engines apd herrontasesaensi ©ihenlytie ebanylated anenob aechdidenines e dvabhkown
Bel zer in the Journal of Tribology, Vol. 114, pp.
frictional @7l B&2 ThO8B)nes amgt beMsedBad sneh oahrthSfordadBamrddustror reaction .
Lubrication Science, Vol. 1, pp. 3-26 (1998). [0053]
product withea batbh tempbuid, MhichGRMPES iféd XampRia BAIR dXi&S 8Bton halide,
' invention nmay al so conprise a rust or corrosion

metaborale Db 5&? ﬁl}‘/ %(\gi'oﬁﬁ‘—, HF% ﬁ@alﬁﬁlg%gést?.df\“oﬂg]oﬂ%? ig?é,ﬂo%al modifiers, there

pol yoxya ne pol yol's a ers there

| yoxyal kyl ene phenol.s, and ani onic, al kyl .sul f oni
may be o KR T FRe RATER P oK pr BV St lso S
.inhibitors r?ay be used, but are typically not required
conventiqpa} iichammodHiast ginesnlysonsiphRf agioky dsrminal\eEonn Gi: carboxyl or
Exanpl es of such conpounds include thiadi azol e :
hydroxyl)pmv;gmly beruied do an aleaphiic Hydorpatonehsid. dEatcpoef @ttenylic acids and
their derivatives and pol yners thereof, such as those
anhydridedegdr dlkald ltave Ue&h dd3aiibst inNDS. Paent M, 1282 ,8807 FOstAetGxamples of
and 3,087,932. O her additives, such as the thio and
other conRMWhAli fHcSiH tedddtsd aRhRlingd Mk ddbARER cARREEIANRIMb B bdium,
- Pat ent Specification No. 1,560,830, and -

) . | . . ' f | . h .
e RRBEAREI0L 83 IR T AR YL N0 B
v ot eSS LS LR SRS 80, 4 ot AT, 1Y

ingredient. 21 [0054] Dispersants are al so added to

[0053] {Be ubpicating 9iheprapqsitiansgb dietnrensst igvention mayealeheomprise a rust or
invention. Preferably, the dispersants are of the

cotrosion ghbiteg swirigh insstyyhe sabhied Seond netpienis potysxyalkylead polyols and esters
conprise oil-soluble polyneric hydrocarbon backbones

thereof, poliybkyadityll @ehgdndlunelisanglic kAbRFohi0atidar MoréaRe ng%&f and lead-
associating with the particles to be disper sed. e

i E I f1O%; ire@ i ;
bearing ccfrfﬂgﬁin iARBliod! Ry, e are t?%lg?lg)rﬁdfng%chlrea%lﬂgﬁlg f(t)rﬁ'éu)}ation of

al cohol's, ami deés, and ester ties,

the preseng@%&%@Iﬁéﬁ&?ﬁ?ﬂé{%&é%@ﬁlﬁé@%@@ﬁ gn?: ugl%?@zelﬁigéélg gsfyiﬁggidgsgcontaining
from 5 to 50 ggglor? ’ato?nes! t %}redgriire[tgirgs and polymers thereof, such as those described in
U.S. Patent Nos. 2,719,125; 2,719,126, and 3,087,932, Other additives, such as the thio and
polythio sulfenamides of thiadiazoles described in UK. Patent Specification No. '1,.560,830, and
benzotriazoles derivatives may also fall within this class of additives. When these compounds

are included in the lubricating composition, they are typically present in an amount not

- exceeding 0.5 wt % active ingredient.
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oi | -soluble salts, esters, am no-esters, am des,

i m des, and oxazolines of |ong-chain hydrocarbon-

substituted nono- and dicarboxylic acids or their

anhydri des; thiocarboxylate derivatives of [ong-chain

hydr ocar bons;. | ong-.chai |.i phati c hydrocarbons havin

aﬂme\y%?ﬂfsr?ée alsp ad 0%aﬁ%gmwgméro&p@?mamo%ﬁﬁreéwt )

) . condensation products formed by condensing | ong-chain

inventions Rsefetably, ee disnersshts ang efthe ashiets detigtsie Ashless dispersants typically
pol yal kyl ene pol yam nes. An exenplary enbodi nent of

comprise toflesoprbés poly mieriv Bpdrocarbentdokpenes viilssttachédfuntiiabglohpsthat are
di spersant. [0055] Viscosity index nodifiers may al so

capable o 8ssagi@Rl (vithtiepdriitlEd ©Hel digheficl. TREPAR DAL RFoRE mdyhR, for
present 1nvention. These additives inpart high- and

example, lre}gl\)f/\ﬁe%gﬂ?ﬁ{eo"i% g_fnZQe? peﬁlrdaég{elr b{)l%t B‘l%ietfehr'fga;i}id glgetyj 418 at?zlclhgd toTtﬂg }Qolymer

unction“type or

nmul t,i functional ., Sujtable wviscosjt di.fiers
backbonef i il UG Siivel s AT st B Gy argrelesseeted from
) et hyl ene and, propyl ene, and hi gher al pha-ol efins, .
oil-solublg épl%s,;,@qtppgﬁlwngteé%‘s, poides) iRydesetbevagplincs 9f long-chain hydrocarbon-
~ nethacryl ate copol yners, copolynmers of an unsaturated
substituted inacmob end/ icerbaxylit @vid a thdingrthydodeso thickarbaxlybate geolvatineessof
of styrene and acrylic esters, and partially
long-chaif Yli@gabats torpopatnyitphsti Ohy by eiR/Has @R ragiddyamine attached
styrene/ but adi ene, and isporene/butadi ene, as well as

directly tlgagﬁo;paﬁﬁtl\id%ﬂié’h PHIERIBBR pRALES Wdﬁﬁoﬁd&ﬁi%&%&ﬁﬁﬁ

I soprene and 1 soprene/divinyl bénzene.

. il -f j r ts '
st A E90 2P Qe SR IBLAETE, S RSEEY
,.as acid neutralizers qr rust inhibjtors. tergents

embodimgg a1 gS<RbRYER 4D STy EHORBYRI o eﬁﬁfgem L

hydrophobic tail, with the polar head conprising a _.
~[0055] ngftl%qosmmde@mdrﬁ@a%m@y alsp §a aiidedde ihpluhtcaingeoikwmpesiigys of

contain a substantially stoichionetric anmount of the
‘the presentitiaintiom Thdsealditives/ingraet high+ant yowesopérbedce gerabdlityad

or neutral salts, and would typically have a total

lubricatinB@8E. TH&RGY bé ﬁﬁl\éble-mwwtg € ofBa$ Bk athhinsdchal asdtable
etergency tests such as ASTM D-2896. It is possible

viscosity hRaleed iﬂgﬁld%,afgg%e@g:}?é{?tg%&fbuglé@%]%o 7 &s BY etﬁ?l%ﬁé icltﬂ:gpropylene

an excess of ~corfpoun an oxi de or
and highe.?-fyalgy %élegfn[s;’\n Q{%)Dmgtﬂacargfa%s? p(g?zfclky e agtsyla(l:tgsr, ?n%rt}la%'rngﬁ{e %gpolymers,

[0054]

copolymers of an unsaturated dicarboxylic acid and a vinyl compound, inter polymers of styrene
and acrylic esters, and partially hydrogenated copolymers of styrene/isoprene, styrene/butadiene,
and isporene/butadiene, as well as the partially hydrogenated homopolymers of butadiene and
isoprene and isoprene/divinylbenzene. | |

[0056] Metal-containing or ash-forming detergents function both as detergents to reduce or

remove deposits and as acid neutralizers or rust inhibitors. Detergents generally comprise a
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over based detergent conprises neutralized detergent as
the outer layer of a netal base (e.g., carbonate)

m celle. Such overbased detergents nmay have a TBN of
150 or greater, and typically from 250 to 450 or

polar hf:aaD g{}ﬁx{lg%go g%lgﬁ?ﬁz rgglewztg E}%e?gﬂ%gq-@é Ic%ﬁtmugggg Irrleta? galll!cj ct))} a?n acid
' sul furized phenates, thioj hosphonat es, salicylates,
organic camppette nBeeslts aapl conthiora i stasmlh'tﬂtcechlemmwﬂmwé@f the mgtal in
nmetal, particularly the alkali or alkaline earth
which theyedra hs;all?hlesd?ribsdi acaormah by neutisb shltpinal wodd eypiallg ihave atudal base
magnesi um sonetinmes al so m xed with sodi um which nay

number (BN t)ba% mdY RS@BAsutdd Bykdrdari &@érgw?ri&s@s suBRab ASTIMIDL-YB96. Tt is

sui tabl e nmetal detefgents are ral and over based

possible t%q 8[1&1’4“&%5 1oL {seosfarl'@éé @}[f\lrégifctnfxé %lsd & a“i’ﬁ% l-r(,%%pound

neu over crum enat es an

suchas alé%#%%'aﬁﬁe B RAREEGH ER oD REERe oSt {BR ulng

onpri ses an_overbased sul furized cal ¢ci um Ehenat Wt h

overbasefbdqtsrgeaffcogmsﬁﬁs nepprglizegdafgrgent 48 the quiRy lexee phagistp! base (e.2.,
sul fonate with TBN of about 20. [00581 Pour point
carbonate) emicelkss fhick pvearbhsed detvegdatsoney havel aiBBN aif |1 58 bogreater, and typically

i nprovers, lower the mninmmtenperature at which the
from 250fth yb0loinbte. f | ow or can be poured. Such additives are
wel |l known. Exanples of those additives include C8 to

[0057] C%%ltg?léld@él‘ e‘h‘térfﬁélﬁ&éaéﬂ’ b&)ﬁble%ﬁﬁﬁtaﬁd og%ﬁée)ﬂ@ﬁfﬁnates, phenates,
pol yal k hacryl ates, and the |1 ke, 59]

i NS i SRS i digis e
carboxy gt acra?ﬁau GaBeHarly At & ¢ gifling e3ith G nt‘?’ee‘?lg?e%hr‘}mnly

0.2 to 2 wt.% based upon the total ht of the
used metalg brei ealeium gnd agaesitpasiomiegmes Ako @%é%wag;sow%whw@ﬁ?ay all be
of the present invention conprises about 4.5 nmM zinc
present ir{ ¢elrfairbicaiGeih - Bar(iduletinyitabldwestpl Jelerghite preowphaltasy aysrbased
an antiwear agent. [0060] Foam control can be provided

calcium ﬁlffoﬁﬁ@é’hé?v%@?yﬂ%? flone ot A BBNasMd ded@abdiid everabel calcium

pol ysi |l oxane type, for exanple, silicone oil or
phenates BO4 YARIBLR Yheritds B¥ViAR TBMBr BRIV 814%0. An exemplary embodiment of
the present ihvention comprises an overbased sulfurized calcium phenate with a TBN of about
120, as well as a low overbased sulfonate with TBN of about 20.
[0058] . Pour point depressants, otherwise known as lube oil flow improvers, lower the
minimum temperature at which the fluid will flow or can be poured. Such additives are well

known, Examples of those additives include Cg to Ci3 dialkyl fumarate/vinyl acetate

copolymers, polyalkylmethacrylates, and the like.
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enbodi nent of the present invention conprises about 5
ppm of a silicon-based foaminhibitor in the
| ubricating oil conposition. [00611 Sone of the
above-nentioned additives can provide a nultiplicity
of ect Thus r exanple, a single additive may
[0059] aé?lﬁ%‘t‘i" Ez’%‘é‘%@élﬁfp%ége TR Salis a5 £OBXERISNAIBAUSCHIP BRY-gyear and
. .. Milti- functional additives are well known in the art.
antioxidappawnts. The zingtseltzareithgmosrposanlpnsedah lubmisaipngsié i amounts of
i nvention are formul ated by known nethods. The
0.1 to 10,froveferdbiit 0.0mo 2 svitdy dasad hponahe tateldvadghit of eatlubrikantinp wilat
the additive manufacturing plant or blend facility.

composn{&nt ANSehiplry embbBEintANBLGE prQBs: iR BE c&ﬁbﬁ!&és@%@ﬁ* 4,91 zinc
sem -works by hand. The coOnponents of the additive

[ scale and
ﬂDlnﬂOéddegf%%bggI%ngﬁﬂﬁf%ﬁﬁ%gg%gggkgﬁﬁhh%w éﬁ1jacketed
inl es ket at or above a

100601 3 SR8 Ao ot e s inaty oI h b B A apage gf the

i s achi eved, the base |ubricating is added gradually
polysiloxqjia e §oit 530l sticpRg pihgr Potkdimedsi siloxygne. nAn exeraplary

| ubricating oil conposition, which is then packaged
embodimemtchf ¢l prpeeait ingeptodnmtonyfrisasghout ppheofoilitondfasersant inkibitor in

gas engine or the crankcase of a gas conpressor is

the lubriceltifd siecorapshitidren refilled with the |ubricating oil
conposition of the-invention. 24 [0063] Oten all the

[0061] a@ghlte'o\f% abB¥E 8RN tbALI ddaRives SAPSol Me 'quultlgﬁ&ty & e?fects Thus

'ended 1nto a concentrate or additive packdge t

for exam;#lé 1&%8 %’cﬁﬁ{g& ¥a | ?{Lg%gdéép%%s%npﬁsiﬁells kct tﬁ%lﬁi‘ﬁnbitor Multi-

Fic such
ventional . and wel| known. The concentrates are
ﬁmctlonaf@ﬁ%\regla%w? bE‘E?)WH} ¢#ffe additives in pr oper amounts
as to provide the desired concentration in the
10062] f |Tha|1ulmmmg eampnsitigie of thseressnciarentionars Hrogladiscknown
with a predeterm ned anount of base oils. The

methods. clrderulatien istypcaiyeraatiddyouredatinuousy aothd addidi veintanutaegiring
nmet hod described in U S. Patent No. 4,938,880. [0064]

plant or bln@ ARG NtckriS Byl e Bhipvsit6ss cnMRifbOsuIQkd inh sdhi-wotks by
the formation of enulsions in a
hand. The components of the additive composition are weighed individually on a scale and
added to an amount of base oil in a steam-jacketed stainless steel kettle at or above ambient
temperature, with stirring,. When a homogeneous mixture is achieved, the base lubricating is
| added gradually, with continuous stirring. The result is the final lubricating oil composition,
which is then packaged and shipped to point of use. At the point of use, the gas engine or the

crankcase of a gas compressor is drained and then refilled with the lubricating oil composition of

the invention.
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nat ural gas dehydrator and other downstream field
processi ng nmachi nes by lubricating the conpressors
and the engi nes powering the conpressors with a

| ubricating oil conposition conprising: a mjor

anpunt of a _hase oil of |ubricating vjscosjty; ..one or
0063] SRR e a@?bﬁlg?& SHaPblor srascaPispRPHIEre blshdedditdror o
anti oxi dant, one or nore anti-wear agents, and one or
concentraipleaddétitigl parkagerthatiinsubrequnilin blesded intsi kase stoek fawniksi finished
the formation of enulsions in the natural gas
lubricant.d&ly df such cenaenttates rerondentionslrand wdli ledothvmp riizeontendrates are
machi nes. [0065] The lubricating oil conposition may

formulated 15 QuEBHhE S@IIANRA iR profRf SmEthts JbhLiodfAleNilié MR HesitRl RBt&fkation
from a friction nodifier, a viscosity index inprover,

in the ﬁn? ﬁm%gés&a{rl}té cor}gﬁﬂé‘t’ﬁg§ﬁrﬁ@ﬁéc§@ﬂﬁ igg)g%ﬁéiteﬁaﬁlgnetdglgr%%g{ of base
 oils. Thecg Byl Breri G e S epRE P b iR R L e Patent

formati on of emul sions in certain machi ne

No. 4,93% artnments and vessels. [00671 The invention will be
further understood by referencing the foll ow ng

[0064] exXaapresent invdnitioh perviédasatmetbodef inbibiting thd farmationiof emilsiens in a
of its scope. EXAMPLES [0068] The follow ng exanpl es '

natoral gaardehydrater eedlother ddvnsgtamifeld frecesiag @mdchiney Bnlibeitating the

without limting it. Wile the present invention has
compressB@eRd ﬁ%fgﬁ&@?o%ltiﬁg iRfBhpRGSors QViﬂlQael‘Elbfiéeﬁin# oil composition
_ enbodi nent's, this application-is intended (o enconpass

Comprisir{#gose various changes and substitutions that may be
ade by those skilled in the art without departing

fromth I ri . f. o
0 a }na_}%rg Iouﬁttof%%%sg 81? g? lu%rlcat.tpn% VISCOSIY;

one or more detergents,

one or more dispersants,

one or more antioxidant,

one or more anti-wear agents, and

one or rﬁore demulsiﬁers in an amount sufficient to inhibit the formation of
emulsions in the natural gas dehydrators and other downstream field processing machines.
[0065] The lubricating oil composition may also comprise one or more suitable additives
selected from: a friction modifier, a viscosity index improver, a foam inhibitor, a rust/corrosion

inhibitor, a pour peint depressant, and the like.
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appended clains. Exanple 1 [0069] Gls A and B were
prepared and tested for denul sing capabilities
according to the nodified, |ower-tenperature version
of a standard ASTM D- 1401 test. The conmponents of Qs

A and B are listed in Tables 1 and 2, respectively:
[0066] - Tdfederm “inhibrmechrirsmatienolanesiony AP rfpcﬁwtr}géhe level of

Concentration in the Finished G| Concentrate Low
emulsiong yeedsepletdlysaliniioatiatgghel &revatjem vf @nsldions ieedtalOmadiied. 51
w.% Overbased & sulfurized calcium17.99 w.% 25.0
compartnieds ahdORsasls. %9 phenate detergent Zinc dithio hos hate
antiwear agent 6.26 wt.%4.50 nmM (0.38 wt. %

{0067] B"Ii’n% Wedentioh gl gk Weﬁ@ﬂerﬁgotﬁgy Yt‘;‘ferer(&lg%@lg f&‘ﬁoWﬁ}g examples,
,6-Di-tert-butyl-p-cresol 12.746 Yo

which are%tt 'tc9 ?é gt%ﬂ{rugcp A 191{%{8!% c!f %%l%fcﬂ)ey f O|O ldevrr\;,l l Os/cl) I Ioe E)r I\/ﬁé ' ?EZ

total to 100 wt.%Bas oto bring the total to
100 wt. % See Tabl e 3%“%‘% § A concentrate has
a sul fated ash content of |ess than 8.5 wm.%(0.51

[0068] \wThofolipwing sraypelgs e pyovidedyndbysiigtaibe peserd ipveptiompithput
0.46 Wwt.% (0.013 mt.% in finished oil), a sulfur

limiting it oWh#etheqfresshomveritiontasbedr deBcriliedwiitWacifareddertd speific
oil), and a TBN of about 49 to 56. Various

embodiments, this application is intended to encompass those various changes and substitutions
that may be made by those skilled in the art without departing from the spirit and scope of the
appended claims.

Example 1

[0069] Oils A and B were prepared and tested for demulsing capabilities according to the
ﬁodiﬁed, lower-temperature version of a standard ASTM D-1401 test. The components of Oils
| A and B are listed in Tables 1 and 2, respectively:

Table 1: Oil A

Components Concentration in the Concentration in the Finished Oil
Concentrate

Low overbased sulfonate detergent | 8.50 wt.% 3.00 mM  (0.5] wt.%)
Overbased & sulfurized calcium 17.99 wt.% 250 mM  (1.08 wt.%)
phenate detergent
Zinc dithiophosphate antiwear agent | 6.26 wt.% 4.50 mM " (0.38 wt.%)
Bissucinimide dispersant 49.83 wt.% 3.00 wt.%
2,6-Di-tert-butyl-p-cresol 12.46 wt.% 0.75 wt.%
antioxidant
Polyoxyalkylene glycol demulsifier | Various amounts ' : Various amounts '
Diluent Oil wt.% to bring the total to 100

' wt.%
Base Oil : wt.% to bring the total to 100 wt.%
' See Table 3
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amounts of denulsifiers were added to G A, and
correspondi ng anounts of diluent oil (to the
concentrate) and base oil (to the finished oil) were
al so added to the m xture to bring the total anount
of the lubricating aoil conpositions to %_ _Tabl e
[0070]  2.0iA| copeanyigisdine Ayl fetesh adrgoniant eﬁleﬁﬁqthﬁlh% 5dv5tn/eéﬁt5|1 éﬁti‘VeHl
in the Finished G| Concentrate Bi ssuccinim de
finished cabhd plespliirgpesrdentiof 3B 8.46t Witk 20643 wils i finivhedvoal) esydiyr
sul fonate detergent 4.31 w.%2.00 mM (0.34 w.%
content o MRIUDATEavt&o S0 | wnLe Rdfigishedi dil)) ahd. SEBMof %bdit 49 tobb. Various
(2,97 wt.% phenate detergent Zinc dithio hos hate

amounts @Fﬁe'n’ﬁﬁﬁfie@%?é adtte840 WAL M%d%g@%&oﬁgl g%n%nf)@of diib e 1€ the

ph eno |c propi onat e ester 2 % 0. 728

concentragrﬁ ?gﬂ{ (to §1e af}rk%%d %ﬂ? %%refa‘? d@H Itcpf %%m&rg fa b urg{‘he total

ene cho ier
s\/arl us_amunts t OI wt %to bring the
amounto?glgilr}brf‘iﬁmﬁ%ﬁl \Rk’m@@%té%lg’t@fﬁb W-"8% to bring the total to
100 wt% . See Tables 3, 4, and 5 [0071] Ol B

concentrate has a sul flabéel:43# Bocont ent of about 6.4
w.%(0.51 wt.%in finished oil), a phosphorus .

Componeatint ent of aboult CéncaftPativin. iftKeD. 03 Wt Cobcemiration ig ftxoFinished Oil
oil), a sulfur |cOsicemtratef about 2.1609 to 3.125 w. %

Bissuccinini@k a8illest disp@rséd Wt33%8i n wi.bani shed oi | )| 2.@8ef erabl v of
Low overbaisioulfone &&roenmt . 94.31( 0. 28%nt . % in fi njdWMed oinM , Odavti)
Overbased ZBNfupEedaiout 56| 37VAr i 94% anounts of| denul sitM e 297 wee
phenate detgreidd  to Q| and corresponding lamunts of diluent
Zinc dithiopliosphate gntiverpagentn|. o ' = S0y o {0.38 wt.%)
Hindered phenolic propionate ester | 9.20 wt.% 0.72%8 wt.%
antioxidant

i Silicon based foam inhibitor 0.32 wt.% 5.00 ppm
Polyoxyalkylene glycol demulsifier | Various amounts * Various amounts
Diluent Oil wt.% to bring the total to 100

wt.% .

Base Qil wt.% to bring the total to 100 wt.%

%, See Tables 3, 4, and 5

[0071] 0il B concentrate has a sulfated ash content of about 6.4 wt.% (0.51 wt.% in finished
-oil), a phosphorus content of about 0.352 wt.% (0.03 wt.% in finished oil}, a sulfur content of
about 2.609 to 3.125 wt.% (0.21 to 0.25 wt.% in finished oil), preferably of about 2.867 Wt.%
(0.23 wt.% in finished oil), and a TBN of about 56. Various amounts of demulsifiers were added
to Oil B, and corresponding amounts of diluent oil (to the concentrate) and base oil (to the
finished oil) were also added to bring the total amount of the lubricating oil compositions to 100
wt.%.

[0072] The demulsibility tests were performed at 24°C with one part of 40 ml of distilled

water and another part of 40 ml of the oil samples. The oil and water mixtures were stirred at
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finished oil) were also added to bring the total
anmount of the lubricating oil conpositions to 100
wt.% [0072] The denulsibility tests were perforned at
24C with one part of 40 m of distilled water and
an%hler gart of 40 mM of the oil sanples. The oil and
1,500 rprie s TeeIR OT i unie pECTER PlopateTa Feposted of 3 miruwe infervaly f5G
rpm The | evels or anounts of enul sion were reported
minutes. gt 5 minute intervals for 30 ninutes. [0073] The
results of the demulsibility tests are summarized in
[0073] Tdalhk eesBlts offihbldem8lsHidligl tesss felsumimafigeidulab{ed:) Enul si on
(m) Pass/Fail Scores Ol A+ no demulsifier 0 0 80
Fail GI A+ 0.25 w.%degggtgifier 43 37 0 Borderline
fail QI B+ 0.1 w. %derruIS|f|er 42 38 0 Borderline

Fal

Samples PdSS OB+ Ghlflﬁl)\m \OA é'di il'gl e E4%lsﬁ)\ﬁ (Gm"!ffJlb Pass/Fail Scores

OliA+n05@ﬁﬁ!§meP 2 [UU ST USTU T IS CXaAMpPreir sy
Oil A + 0.26RNRAERDiftP EX@”P' el d@ﬂve’ an '_n gt b_rl ne so Hirbé?lﬂlefail
Oil B + 0.1 h@%hiekuléifian distilled yager was mked with the Piérderline pass
Oil B + 0.2 arep Hasulsiief or_e40t esti ng 4he brine |sol uti on was| pass

ant.arnl Pa¥ra ntcoc. of t e

| W= I 1 1]
TPl Uyeu t6—St+1Hith G.LC l. Te—att-da \/UI’JUII\,IILO OT T

emul sions in the dehydrators. Equal volunes of the
brine solution and the oil sanples were m xed. The
Example np to stabl e phase separation was al so recorded.
The results are summarized in Table 4. Table 4 Sanpl es
[0074]  QOiI B milay ugegluie diis exarhple EQohnphed t¢ Eximplerteabiove, sinableebrine
separation
solution rather than distilled water was mixed with the oil samples before testing. The brine

solution was employed to simulate the actual components of the emulsions in the dehydrators.
- Equal volumes of the brine solution and the oil samples were mixed. The time to stable phase

separation was also recorded. The results are summarized in Table 4.

Table 4
Samples Oil (ml} | Aqueous {ml) | Emulsion (mlI} | Time to stable
separation
Qil B + 0.25 wt.% demulsifier | 55 25 0 60 min
Oil B + 0.50 wt.% demulsifier | 56 24 0 5 min
Qil B + 0.75 wt.% demulsifier | 58 22 0 5 min
Oil B + 1.0 wt.% demulsifier 54 26 0 5 min
il B + no demulsifier 0 0 80 > 60 min
Example 3

[0075] Oil B was used in this example. Compared to Example 2 above, rather than using
equal volumes of brine solution and oil, a 70-ml brine solution and a 10-ml oil sample were
mixed to more closely simulate the typical brine-compressor oil concentrations in the

dehydrators and other downstream components. The results are summarized in Table 5:
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Gl B+ 0.25 wt.%denulsifier 556 25 0 60 mn Q| B +
0.50 wt. % denulsifier 56 24 0 5 mn Gl B+ 0.75 wt.%
denmul sifier 58 22 0 5 min Gl B+ 1.0 wt.%

denmul sifier 54 26 0 5 min GOl B + no denmulsifier 0.0
80 > 60 mn Exanple 3 [0075]. G|l B was used in this
exanpl e. Conpared to Exaﬁﬁﬁ"@sz above, rather than
using equal yvolunes of brine solution and oil a

Sampley0-ni  brine spPilti onAeusgus | Fnulionpinil) s anplaneverstable separation

m xed to nore| @bse|@nlki nullate the typical

QilB +
OllB+
OilB+
OilB+
QilB +

‘b?ﬁ“ﬁé(u‘te ifiesk®r o || 8concenfrations in thé min
erant® ot hie? downsfr eam conponent&minThe
tf iferg ri zggd in Tdole 5: 28 TapfB™ Sanpl es

7o demulsi 1§r T, | e
nﬁa nén S 33'50\?“ &L}l Zje ID%CU?tQO rféan c g“ %&%5}1% exists but

C

/If\

ry 1.Q
D"' U. JU Vl../UUUIIUIDIIIUI 10

0.75 W, %denul'sifier 14 66 0 5 min O I B + 1 0 mﬁ
demul sifier 13 67 0 5 mn Gl B + no denmulsifier - 53
- 27 Difficult to neasure Phase separation exists but
difficult to detect 29 WHAT IS CLAIMED I'S: 1. A net hod
of inhibiting the formation of enulsions in a natura
gas dehydrator conprising lubricating one or nore gas
conpressors and natural gas engi nes that power the one
or nore :
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conpressors with a lubricating oil conposition
conprising: (a) a major anount of a base oil of
| ubricating viscosity, (b) one or nore detergents,
,éc% one or nore dispersants, (d) one or nore
WHARR C(HAIDIEPIS: (e) one or nore anti-wear agents, and
(f) one or nore denulsifiers in an anount effective to
1. remiedef iddbtiag thetormdtivnoftehusi®s is duhikQREs ddhyiAcr comprising
dehydrat or, wherein the conpressors and the engi nes

lubricatil@ bn® VB brel JA0 S EmPRENI ESRPERuA! SasThbinle! B pdvis ST or more

fromthe dehydrator in a naturafl ga proceps3| ng
. .h f..claiml,. wherein the

compr u@%?‘éﬁa{]tﬁziﬁgggaﬁng%@ﬁ%g“ :%t'ﬂinSH COUPEREE conprises one or
nore of viscosity index inprgvers,, K corrosjon
i nhi bi@b? Qaquaﬁ’é’ua‘i& af'?aéwnﬁﬁg}@véﬁtgzg VASFEILY, nhi bi t or s,
pour poi nt depressants, anti-foam agents, seal
swel | M ene érrthereidgtergenth, f i ers, extrene- pressure
agents, color stabilizers, wetting agents,
bact er(cpostes, maredisgpdbatitsye sol ubilizers. 3. The nethod
of claiml1l or claim?2, wherein the anount of one or

nor e d@YBhSb hefeSintibxii@s, | ubricating oil conposition
Is fromabout 0.01 to about 2.0 wt.% based on the

t ot al ' € ' g oil conposition. 4.

The ne(}éﬁg?%rfrﬁéﬁef?%%%ay%en‘risgita%@t he anmpbunt of one or

nor e dﬁjmlsifiers in the |ubricating 0il conposition

i's frotH UGS LIS AN o Bnognt sffeqiiye dyregiove g reduce the

total weight of the lubricating oil conposition. 30
formatgon qfjpanylsionnia the deydralele of the preceding cl ai ns,

wherein one or nore denulsifiers are of the |lowas
vahereinthé compeessoes freidthe Engings thateposfer tHoat oerfipressols, are situated
wherein the one or nore denulsifiers are of the
‘upstream from the dehydrator in a natural gas processing system.
2. The method of claim 1, wherein the lubricating oil composition further comprises one or
more of viscosity index improvers, corrosion inhibitors, lube oil flow improvers, rust inhibitors,
pour point depressants, anti-foam agents, seal swellants, friction modifiers, extreme-pressure
agents, color stabilizers, wetting agents, bactericides, and additive solubilizers.
3.  The method of claim 1 or claim 2, wherein the amount of one or more demulsifiers in the
lubricating oil composition is from about 0.01 to about 2.0 wt.%, based on the total weight of
the lubricating oil composition.

4, The method of claim 3, wherein the amount of one or more demulsifiers in the lubricating

o1l composition is from about 0.1 to about 1.0 wt.%, based on the total weight of the lubricating

oil composition.



ashl ess variety. 7. The nmethod of claim®6, wherein the
one or nore ashless demulsifiers are selected from
ni trogen-contai ni ng denul sifiers, phosphate-containing
denulsifiers pol yal kyl ene gycol s, and pol yal kyl ene
ghycol atlves 8. The nethod of claim7, wherein
ejTRetled Ghanyone oh thegurisIBIEr e, whergingwieya oye deraulsifiers are of
thehﬁ$¥§ﬂhwt 9. The method of any one of the preceding
cl al ns, mhereln the antioxidant is selected from
hi nder ed phenol s, al kaline earth nmetal salts of
kyl phenol t hi cest.ers, .cal.ci um nonyl phenol sul fi des,
?&ﬁ%‘é@@oc{;‘?g any g R %Ia%éﬁ%éegfﬁersgﬂh%gge & norgsienmi sifiers are of the
ashle§dNriéfy. zed phenates, phosphosul furized or sul furized
hydr ocar bons, phosphorous esters, netal
t hi ocar bamates, oil soluble copper conpounds, and

0-.cont o nds. 10. The_ nethod of any
tr‘l‘heéh‘%n s l qu © QRAQF B1RC pihkess Aemplsidiersage E itlested from

n1tro@n ddhﬁ)/rﬂﬁg)@@ﬁﬁl}ﬂﬁeﬂsl ﬁﬁsgﬁﬁt@%@ﬂ@hﬁné@lﬁhsﬁ@}s 1Hdikylth@eycols, and

met hod  of any one o0 e preceding clains B\%erJ tﬁe
polyalisviane shenel dertvagizes. ess. 12. The nethod of claim 11,

wherein the ashl ess dispersant is selected fromthe

oil soluble salts, esters, amno esters, am nes,
8. Thtdethodefakihimeserin 4088t 6M2b MhHHEHOSHRAL a polyalkylene glycol.

substituted nono- and di carboxylic acids or tphel r -

anhydri des; thiocarboxyl ate derivatives of | ong-chain

9, Wﬁgﬁﬁ%ﬁk&?'ﬁﬁ%} g}rlné)ﬁigthg E@a@%ﬁ% gfa 5’“\)@1 %}ﬁlﬁ&ﬂt is selected from

attached po con ensa

hlndemd@diamls, alkiBine Eaeh nnie’tahmits@ff aﬁdyﬁjlﬁhdlﬂnoé&fb@s“ @hlﬁlufrﬁlﬁony henol

ashl sant is SSUCC|n|n1de 14. The netho
sulfidgg, agh %ﬁsﬁf SfPU%@\?&FQF‘WS esistil-ealublgsulfiaized phenaesi n an
hospRoRMtZ&f otttz fyRrRartins JBHR
P pof thezl u%rl catlzng m?rta{:orrps)oﬁ& t 01%%?%5‘21&%%103?%%%&% oil
SOlubl@fCOBIPQa|Cﬁmmﬂundﬁmdeamno4¢entaBMgmcan1ﬂJm¢£r sant is in an
amount of about 2 to 4 w.% based on the total weight

of the lubricating oil conposition.
10.  The method of any one of the preceding claims, wherein the antiwear agent is a

dihydrocarbyl dithiophosphate metal salt.

11.  The method of any one of the preceding claims, wherein the dispersant is ashless.

12. The method of claim 11, wherein the ashless dispersant is selected from the oil soluble
salts, esters, amino esters, amines, imides, oxazolines of long-chain hydrocarbon substituted
mono- and dicarboxylic acids or their anhydrides; thiocarboxylate derivatives of long-chain
hydrocarbons, long-chain hydrocarbons having an attached polyamine, and Mannich
condensation products.

13. The method of claim 12, wherein the ashless dispersant is bissuccinimide,

14. The method of claim 11, wherein the ashless dispersant is in an amount of about 1 to 5

wt.% based on the total weight of the lubricating oil composition.
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16. The nmethod of any one of the preceding cl aimns,

wherein the detergent is a netal- containing

detergent. 17. The nmethod of claim 16, wherein the

net al - cont ai ni ng detergent is overbased. 18. The

nmet hod of claim 17, wherein the overbased
15. ribeahetbehobélninn d4.debaregetht abldes dispersaof isan anainkeaint obabout 2 to 4

n al kal i ear.t tal. .19. The net hod of any one of
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silicon-based foaminhibitor. 32

16. The method of any one of the preceding claims, wherein the detergent is a metal-

containing detergent.
17.  The method of claim 16, wherein the metal-containing detergent is overbased.

18. The method of claim 17, wherein the overbased metal-containing detergent is a salt of an

alkali or an alkaline earth metal,

19. The method of any one of claims 2 to 18, wherein the foam inhibitor is a silicon-based

foam inhibitor.
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