METHOD OF DEMULSI NG A NATURAL GAS DEHYDRATOR [ 0001]
The present invention relates to a nethod of
demul si ng natural gas glycol dehydrators and
downstream machi nes at natural gas field processing
sites. More particularly, the present invention
relates to the inclusion of one or nore denulsifiers
in oil conpositions that may be wused to lubricate
machi nes upstream from the dehydrators. Even nore
particularly, the present invention relates to using

nETEOD 2 PAMPARINCANARURAE iy Pesfiiten ..

t hose conpressors. BACKGROUND OF THE | NVENTI ON [ 0002]
[0001] Wt re@brﬁbﬂenﬁbﬁ rddhReect ﬁl@t‘ﬂO%Yﬂ&ﬁuigﬁig '?il'afﬁ&a@tsgg?gllsz& dehydrators

decline, worldw de reserves of natu

and downs@%ﬂ?fﬁahﬁm l%?ﬁl‘f'al %pﬁléﬁ%%&g i glgegr A orB gg%ﬁg gsly,t tth gresent

energ
| en nd b s cl ean th other fossil fuels.
imvention rlygHlo g T RGBT RIS RBRIB R RomBP Haw L may be

gas. is believed that nmethane is produced during
used to 1ub1t1<ﬁ>ée %ﬁi}@?ﬁs‘ﬂiﬁﬂefb@ frognihe delydrpgers: Evishimshe partibelarhedhbpresent
conti nuous sub-aqueous deposition of plant-derived
invention reJatgsiei usingethe sam¢ oil noepesitiamsie hitsicatedoeh thh@atural gas compressors
interstitial waters are oxygen-poor. In addition to

and the engines (e powbrehs & conifpesdbs. of ot her conpounds such as
water, nitrogen, carbon dioxide, and heavier

hydr ocar bons, g RUBUNTPORSITE DARYRIGNO! ot her

fluids such as argon and oxygen can be found within

U natrlx t f ormat i on.
10002 e%g o BTFGR o BBl o RRRTAG st PR s of
tural %% é&llectlvely referr?d to as "cqal bed net hane.
natural gas {358 PP AYHeMPIHRNGey SRSyl srpipless isvapwed Ko i aliernative
90 to 95 volune percent nethane. According to the
energy sourgg kpcagsedt isgilendifuisudvagns déracr berpther bissib fiefs. coal bed
nmethane in the United States and around the world
[0003) Muathatreissheprimby domponexarofaatira gheel islrdicosdEthai/mbBandlis
trillion cubic feet, respectively. Mst of these

produced duriagehie/€snverseorf QWAL frén e whRHSs fd¥hed Bl @BhddeaNkub-aqueous
deposition of plant-derived organic material in environments where the interstitial waters are
oxygen-poor. In addition to methane, lesser amounts of other compounds such as water,
nitrogen, carbon dioxide, and heavier hydrocarbons, and sometimes small amounts of other
fluids such as argon and oxygen, can be found within the carbonaceous matrix of the coal
formation. The gaseous fluids produced from coal formations are often collectiVely 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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reserves are also found in other solid carbonaceous

. subterranean formations. [0004] After natural gas is
extracted from coal beds but before it can be
transported through the pipeline to a refinery, it
must undergo a conplicated process at or near_ the

trillion cubigdedtrespectively.r Masyel theseirewsves ord yndm ewliBedsgbut significant
contam nants. Depending on the well location and the

reserves aregtal foghd &l otharsdilitlicarbenideats subeataaekhit foemmatngr al gas in
the first place, the raw gas energing from the

[0004]  wetd kool %’a%liéibiﬁ/ac%élrﬂ'c&h B6al¥&si bR Befordiy BdrSheOtandpérédd through
vapor ; ral gas liquids such as ethane, propane

the plpellnqu d rpﬁ’llée‘;f]lf 915 %gytq&ﬁglgﬂ gztltl)lrrfghg ed ﬁﬁfc@é}:’hé %ié Hééétr %?e whgleh 4
am pnants are often a
remove varfif LGRS SRR o Rl HAPHIEE oh e BB H s,
coal, seans., These ot her contanlnants may i ncl ude
geological qoagltlg;g%mgp geategt}ﬁ:ax@tqrp]tgaa 17 Hgilirsip ?ﬁﬁ’n%‘@da‘ﬁ (g%eqlﬁrgmg from
wel | bore into the coal -containing formation to
the wellborg wiuallnrentaind varpeusperpames dlrveaierarapsr; nptutah gas bauids sush as ethane,
They may further include soaps and chemicals that are
propane and Initared ied@d gémiudfidd) eaﬂoeh Id$oxtide; helﬁlﬁﬁ;c:lﬂ'trpg@x;i eied other compounds.
especially during the "workover" of a wellbore when

Various othbN@nihihahidre! FRERBF I8 RAS tHeahw pHOWNRY He ahgﬁfg a0l

its production curve. [0005] The process through
extraction of?ﬁc%tkag Iﬁ%n{ cgﬁts%%rﬁ%]e ,e 0 eP Egﬁt lngégr 1881(13@ 'fgldexample

near erne
a pad fluid T@frxtgg Sﬁl?llgggfimﬁgbﬁa: \%@E}ro?e(:l%g%ﬁn gPlﬁlzctOC arugllg}g ?%aflgn to initiate and
i ncl udes one or nore slug catchers, one or
propagate fragiusean hsriermagiong gy maydirthergnelads soggs @?fbchﬁml?’?é?r at arc
process water tanks. In certain field processing
introduced iptoobeshgtle 1 enhaher pradng@ms, ¢spratllpdesesthe iwodgherd df slwajibore
catcher,"” which roughly separates the |iquid and gas
when the wflhigga8achid) €hd atisrhld dpRa®Erd st I8 piglucEesc@ssenti al |y
water and salts, is then sent to the process water

[0005] TWocéé@ ﬁfr@uéﬂ\%hl‘éﬁtﬂ?cr raﬁﬁiﬁtﬁ}ﬁl gds ?@fnl%ﬁnﬁ’r[hgﬂ@f)uﬁﬁédeﬁ%? Hear the

the ground. The gas phase is Itered to reduce
wellhead is Ee%% %) ﬁ‘lﬁiﬁ? :}?]cgceg%n b H‘%l TJ?OC% dﬁlll c?ﬁ;edlnoég b‘)t;[%] é:mwfse gf IQXChlnes.

Each clusterftggl\é% )hagllc¥ ag glgﬁngr éi?af’l}p eg‘ﬁrg%e%g 8neagr ﬁlgreic%mrp?ésggg,ead
dehydrator, as well 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.




The filtration in the slug catcher may be carried out
with, for exanple, PECOTM PCHG 536 filter
cartridges. [0006] Downstream fromthe slug catcher,
the extracted natural gas usually passes through a
conpre r, which i ther recipr [.n

The filrati o KES Sorteher BB RSO IEBSF APy P BEBCHTyS36 filter
conpressor conprises a cylinder and a piston.

cartridges. Conpressi on i s acconplished by the change in vol une
as the piston noves toward the "top" end of the

[0006]  Dylvhsielam fréa thhslugasicharpfhy eRtracedieturabga disudllyepassds shraugh a
correspondi ng i ncrease in pressure. Reciprocating

compressorCWHRRh ﬁ%aéroc‘e?eith@f £ rdciP#8cAing WBmPfessor or a rotary compressor. A
positiveé-di spl acenent-type conpressors. Exanpl es of

. . recipr ti . ' d TM: .
reciprocatin Gl AESh colibris e RPURREPAS 4 PoHT Ssp Sl is accomplished by
fromthe slug catcher may, |nstead pa t ht ough,a

the change SRR g POV RO g ca pobg Py SR g the ges
~conpressor, which is |ikew se a positiVve:di spl acenent
volume is dgesagsedsBere is @ FprEpsPORGiBg HIURASRID RIGISHES- JRCCHBPCRIS SERBYgSsOrs
conpressors, including the rotary screw, |obe, and
are thus knowemas postiverdsgaresieniFlyps eomprasses sbxamplesolidesiprachia
for exanple, in U S. Patent Nos. 6,506, 039,
compressor§ indlufle IUE] AN dedpdt @ik bmprégodiGCMosur es of whi ch
are incorporated herein by reference. A rotary screw

1 B | }
[0007] fg%séﬁﬁéﬁiftbz#ﬁ{fl s‘ét#gs(%@@fef £S5 iR dRss @foulh a@o@ﬁficompressor,

ooved rotors, a set of axial and

radi al bearings ' ve,.all i '

for exampld, Aty A bR Vgl e it Flactfich e ffoscor

- un-nesh, the male rotor |lobe. rplls out of the mal e

There are SNGEYRE OF @Wﬁﬁ@WWS@&cH}FE@‘Wg? Al i‘ie“& andvane
then filled with gas. After the suction step, the

compressors.ofpese seinprespie seesdeseibednior cuunplaginihS chateNasep6p& 039,
continue to rotate and nesh together along the

6,217,304, lanl 6,016,4 A thchdisctadueesnadtvdricl arb eénavopeeated hewint bercfasemice A
flute and reduces the volune in the flute. The

rotary screve BHRPRERk ABudlly QAT Fis6 el setiSSmatB ahd finfide helivalle gemared rotors,

gas 1s discharged through the discharge port. 3
a set of axial and radial bearings, and a slide valve, all of which are encased in a common
housing. As the rotors begin to un-mesh, the male rotor lobe rolls out of the female rotor flute.
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.



[ 0008] The conpressors can be either single-stage or
mul ti pl e-stage conpressors. Miltiple- stage
conpressors have a mni num of two pistons, and
require two or nore stages to reach the final output
ressure, the output of one stage being the input to .
[0008] hrecorantessotsganibs §itheresingle-staas BHltiple-sagscconypssoiss Multiple-
conpressor efficiency. [0009] Alternatively, a
stage compressps ks arminimeint dféwo tpigd@s, andoieguird tyosormograrstagesiogweach the
conpressor, may be placed upstreamfromthe sl ug
final outputgésstie tha supuvef drivaadkcieigtiRe inpaseabs adlty OobBng theair between
natural gas field exhibits declining pressure.

stages imprELs @b pRGERWIEQBRessors are often used for this
purposg because they are designed for |ow pressure

| C .

1000s] - AREAERLY Wublrtidol & e B EEER Prckty SR AR6H, may
then, the gas streamenterjng.the slug catcher

be placed ua%trreé'aotlm 5 Teser e oo BeUhSRPorHer E3B6ETS D gheonagel gas

_conpared to when it has first emerged fromthe

field exhibitgelerliing prepooa OROWESICIEW corppresiars &6 wee yisskfor yigpurpose
designed to operate with |ubrication, although the

because they peodekigaedvioy Sow yporssura tapplipatibhswih enlétrpressigs epl ta &@feprdg and
on the conpressor type. For exanple, the |ube oi

discharge pie@$uré W35y pSipl GWtlEo ORCeBE0 thel dis bifgRE berindths 8lgraalcher
| ocations with the main oil injection port, feeding

already has E‘%%Céﬂ&ﬁﬁle hél Gt e@gl‘%(sjéﬁﬁ'éb% Rk & 1o WiHIR St K8 qg!lst%\%]eltrged

pol nts for seals arings. Injected ol
ﬁonnhe“mgﬁen drain the rotors where it conbines with the gas,
EW%he gas/oil mxture is then discharged fromthe

conpressor. On the other hand, for a.reciprocatjn
10010 MgHHF BRGhcormissPRIGHS SS9 [oPPOrRiS YitbUBFiGALER gibpgeh the
) the cylinder parts, including the pistons, piston
specific ways Inbricating loilp aksrinirpdused depsgprdiondbe cqrapkssag Ly@id Fongxagple, the
Sonetinmes, the lubricating oil is also used as a

lube 6il for & egh@rcrefocompressopiminestediin syperah thengomnsdth the maim pil myection
parts such as the nmain bearing, wistpin, crankpin,

port, feedin@ M r6fopSSRRAY aRll RviledidIRYEnes 0&HiAd toAthe BHinBERF sdalieand
wel | heads, the engines used to drive the conpressors

bearings. Irﬁiﬁe& SiPLAIR HeN drzﬂﬁ“tﬁérﬁ'lorg%ﬁel%qgédmgeg \Qﬁlgﬂifeyga USd LR %asloil

e r_ea y access to nat ur al gas an t he often renot
mixture 1s tllle%c(ﬁgclhgr%%d 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



4 of these fields. This approach elimnates the need
to transport fuels to, or otherw se provide neans to
power, the engines in renote areas. Exanples of
natural gas engines used in the field include the
WAUKESHATM engi nes. [0012] Despite the initial phase
of these ficklepZhiatapproa¢nelithisatsh thy read theanspert dughsis, ot ethenwise provide
flowing into the downstream nachi nes continues to be
means to p@ait] tliengihedinweinbtewader Exapples ol hatsral gasomgines @sed in the field
natural gas produced from | ow pressure wells

include the WA RIHSH ABScoRicge anpunts of saturated water vapor
entrained therein. It is also thought that gas from

[0012] Ee%lﬂl% ﬁﬁtﬁh%} %nlhelr c?ﬁ}ll tfe/ ﬁﬁ% Pfche ‘P’,]?tg% gﬁs tream ﬂowmg into the

I on rst oc

downstremrggltéﬁaﬁ?strfg)ﬁ{l léfgl}g Q g?ntglgl?ag 1&)16 {gr g?pﬁ)& %15 is because natural

wat er -rel at ed damage in_pi pelines and tora
gas producesdiara lowepscssie wyells apTraHbotasldge AmpuRtaP @é%ra‘%ﬁ valgR@por
pl ace by either of two processes: absorption or
entrained thedsmor is dso thabglurthatiges froocnavdy wistalled e llpanag cvompo wetéer.”
taken out by a dehydrating agent. Adsorption occurs
DehydratiodfIRR nilRefiv@ bedur bafoed thie Svet gadansas theapipeline| bezatedvaer is the
the surface. [0013] The nbst commobn gas dehydration

predomlnalﬁ Y&l '@f aNGoRsh SHPSRLEYAEr-RRAQT Binh AR ifl ﬁﬁ))égﬁé%ta!n@ Rtordge 2
g yco dehydrator The process of glycol dehydration

consiners 58 SRGE) Pt 0B B b P S5 0L M s

238, 461, the dlsclosures of [ e i or at ed
or adsorpu% ERSATSiP D 0gF s &R the ‘ﬁatﬁh‘(@%?ﬁw}?%ﬁﬂ V.ad*ﬁﬁ%f[ 8‘1‘ Fent-
desi ccant serves-to absorb water fromthe gas
Adsorption seeusaiherstheouteheponiscnadinsed ang qalkipteq op dre ﬁ»&f{aé“r
Thus, when in contact with a stream of .
[0013]  What ﬁfosmntrmbmfgasgiehpdraﬁm yystean amcdn eragyple dicabgdrption dehydration
"steal s" the water out of the gas stream d ycol

is a glycol c&‘l%kr&‘ﬂatd?nff ht PRice§5Rf dhooll 8t dadioniis|iesdribial facaaingle, in U.S.
i nclude, for exanple, diethylene glycol (DEG,

Patent Nos %ﬁﬁt 1l 8084 95y C534 JI3CH, 187! ‘375' %ﬁaﬁiméiﬁq Nehe@idteRlires of which

gf ycol "solutions are ~brought into contact wth
e corpl B RT3 B O B B
water from&'lgl'-lglﬂg ﬁ‘g?%p b%ly(f:c% lha?sda %mlcaﬁ %%Ll try t%)r Ewléllf%g" e?hus wthen in contact with
a stream of water-containing (or wet) natural gas, the glycol “steals” the water out of the gas
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



itself, or after the conpressors but before the
dehydrator. As the water-|ogged glycol particles 5
becone heavier and sink to the bottom of the
contactor, they can be renoved fromthe contactor.
The glycol solution is then put through a specialized
become heapyisr g sigh de hadetier afdhroraniastasnihey eaebirgmoned Fgm the contactor.
the solution. Wiile water has a boiling point of
The glycol @il&i6n ig khenqiut thoesghrotpebialitediniliet desiiied to Fapiosize onlyithgwater
point differential makes it relatively easy to "dry"

out of the sé1i€ord| Whalk wath bhé @Boiliak o 892 12°F pelycdl dgensut dbi dnfiD400°F.
future use. The ability to regenerate the glyco

This boiling;éﬂifﬁt difiBrehfalRadies SUL@Lil oty iesgg%t“aﬁk’ thd Aytdl&bRition, allowing it be
ocessing of natural gas bécause the wellheads are

resencrtca 30t ik B TR i 0B B0 30 883 60 srporin

_ adsorption, prqvides anaqther way_.of.renovi wat er

i field prodFae OFRGTRAE TRSRF H1° Weeads AT HAGR &1 GBI locaitons.

deaédrators usual |y conprise two or nore adsorption,

$idedesicepntl dshyditien, srhachoponsiiutes s [k ample i edsorption, provides

Typi cal desiccants include, for exanple, activated

another wayabiuginoainaneatgraipot friomsidtinaaurgalas.nBeler-desieantAlshydrtors usually
natural gas passes through the desiccant towers, from

comprise twcR héreRALIPIHIN {ohRry\GUKY wilRBAE ofl Bofetblil dedccahts. tlpical
desi ccant particles, leaving the "dry" or "drier" gas

i i . | ili bl Baterials. As we
desiccants 1%(%}1?% 'fz();r € aﬁlgﬁé&?ctﬁ%%{oﬁ?%@fnataﬁﬁ §}291‘&ﬁ5‘ sﬂlcx\ﬁbl faterials. As wet

esi cca ors can be nore“effective

than gl ycol, dehydrators, they a i :

natural s e B VER R Iee R SH b o i, LA (Y BB rotined
.threshol ds of the desiccants, and the need for

by the desicPRRiGaRIRIeS: leguing i 1K, CRSET s e aiadbE htom ghig tower.
saturated, cannot be regenerated to renove water,

While solidadedictdn slemydsaiotsecad ibs crzord etfectimahardglzep! Wahiafors they are not
di sposal, together with the storage and

widely used beRBSR AT tlad liitedibdphticuhnd los; sanaktiorstbidsbbldest the deticeants, and
systens inpractical for natural gas field

the need fopﬁ&gﬁﬁtsrieg&erﬂ&%. Rofalid idByenintsOBndenatedied, @afirtlt dt egrencrated
‘to Situations where a liquid desiccant, especially a

l4oohy fgs| isdaSgdd? THRSIHEYSHIA! OF dish RO BlpeiHaPwith the
to remove Vgaé%ryg?da?%? h}%gﬁ%}sdlts %ﬁ%égé oﬁrre t ﬁgthcol ﬁe'ct ilsc’)é} poi r%te V\:h‘g; e
a variety qf terials .toget her. .Th
storage and fsgnaparafibn i Cien qoRk R A sedd WAl rgRlyd) et e
part of the extracted o oo .
field processing. The present invention therefore relates to situations where a liquid desiccant,

[0014]

especially a glycol desiccant, is in the dehydrator.

[0615]  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



natural gas but have yet to be renpved. These
materials may al so include those that are introduced
into the gas streamas the result of upstream
processi ng steps.. For exanple, the 6 conpressors and
the natural gas engi nes that power those conpressors
compressorofrndethe naturad dacengietsahatgpower thosheasprassaes affendhiredugp gaterials
chemi cals fromtheir lubricants and additives. These
such as minBRl 8ild @ldschehéals bmneit mbtibenth@idudditivgas Thssetnlvgerials then
| atter reaches the dehydrator. It has been found that

cling to the hRAGRE ﬁascé%%@mt@?‘?eja&%s@ﬁé &hlyatator. TOGRIHEEH ol BhadtHees
remmants such as soaps, reSidual pipeline scale and

contaminatigfg ?Aéj.gg ja?s?.ﬁ(jl ggﬁqlég ?rvtlutﬁ%ttﬁe? lré%naﬁn%u%h fa¥ séﬁ?g,%sihﬁkﬁ Sﬁgag gnsdle and

s ons and soneti ne even

uld. form _cloggi ng the dehydrators and .ot her }
coal ines, sHpLiaS ARLAE BT aiF EEsaltPg | e SO0t pidksometimes
therein to rise unacceptably. The thick enul sjons W?X .
even sludgep voybhfformheogging,thst de@y?x@gqrs angleatherdopmstrgasn mgghines, and Causing
reboiler unit where the desiccants may be regenerat ed
the pressurestthereinye Hstlufaoceftabitur #heithick enTilsipnsramy areyeniphelentof glycol
the proper channeling of the processed gas to the -
desiccants tBkIRSeb&iIRr uRR RaRALBB LY ccantshRaydeedemtaed oardydthir future use.
downst ream nmachi nes nust be cl eaned out, and the

They may agaj\(l%llcf%\}egﬂrlilg g)lhhg:? tcha{eﬂﬁgfiné@f heplRegdd Eﬁset%liﬁ@gip%ﬂ}i]ré& Qonsequently,

a rai ni ng mechani'sns an
chi pe ousing the ' :
e dehyarefi G SR 8% B LAY ATRe PR SBL i sheet sy
tical standpoints, . ially b field .
s e e B BSGS oo B e Rt Y PR R Tmachines

renote areas. [0016] To renove the enul sion buil dups,
housing thei¢ mieshanfsesr dihesatcnyirgpeys peandesitahls; Hpm bodlypeangpag and

conponents or machi nes upstream from the dehydrators
practical stdndpsinwpedpdcidityrbbmasdificld erddessing ofredatrilngps mostly takes place in

centrifugation, or subjecting the emulsions to
remote area] €ctrical fields. However, nost water-in-oi

enmul si ons, such as those typically forned in the

[0016} ?ﬁ tr]é/rgcg\%h% Smuffh ﬁlﬁfaugé,%‘% oo REIPH QI ®ThQAY addiional

e mechanrcal” procesSes nentioned above wth
adequate tinmeliness. TH f qf i Ise b . .
: | settling, heating,

componens S TP B By o i

i nstances where water-in-oi] qulsiﬁns are o
centrifugation, or subjecting the emulsions to electrical fields. However, most water-in-oil
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-



probl ematic. [0017] Denulsifiers are typically added
to oil fornmulations to facilitate the separation of
wat er contam nants fromthe oils and oil-sol uble
additives. They tend to concentrate at the oil- 7
water interface and not e coal escence of. the wate
water interfageqmd gremoteicgalgacenes SlaBrieter fomes s brureal depgylstliers {o break
~water-in-oil enulsions is known, just as it is known
up water-intoilagmulsiensis &sews ejustf asiikis &novn that the psprgneq ofigaterneil
| eads to corrosions and to the growh of
emulsions dficg l@ds gactirasioni and hetheaterthwe ntiedorgaaistms iwfhetver-wetted
pi pel ines and storage tanks. [0018] Desirable
paﬁsofthe%f&ﬁﬁéstdn@%tdrﬁgedlﬁﬂkﬂ.S' fiers include: (1) rapid
reakdown into water and oil wth mninml anmounts of
! (& in! ' S@ bR wIEhd whicf &ad ol
[0018] %g%}aﬁ%aﬂr%%@‘{}&r inl A eaAS Iincmgr eg Ire&ga c oi

preparati on.

. . .. hitrogen-containing.c ounds e kno Q..
with i) G R S TG DG 2L 4R g COADH Ghesy
~ For example, U S, Patent No. 4,153,564 disclosed .
preparationd Etiigi i eged-COREANIRS FRMPHES AEINOMEHO BF SHitRble Gmulsifiers for
al kenyl succi ni ¢ anhydride or acid and an i
water-in-oilamiulsines. df cd ekgrdpler Uy, Rateaho. 4,h83, 3 Eadistlovedslepulifierp that were
an al kenyl succi ni ¢ anhydride and an aromatic trazole.
the reactionYr&ducPat AnilkdylsucdinicAthh38rddorsael daelchncmilingaidehyde resin, and
pol yoxyal kyl enedi am nes as denul sifiers. These

the reactiongﬂrw&g §Pan ARG MRLAGL ARVHHE dddeinSarvaRE: frydels all Sy PARGIENo.
y condensati on of the am no groups with the

4,743,387 GRIRY ¥l g@&%}@%&{mﬁ?ﬁi S as TRl £t PPhAERRSpen-

structures aci ds were found
L o he _particularly sujtable.characteristics in .
containing QRN SPIGRRS PYFLT SRS, Y99G T AL NG PRl wich e
conpounds are al so known to have demysjfyi ng .
carboxylic gntitige pf acdds.  The lepgrpolypiderghains angd @Plkwaﬁﬁ{f@?t 755 ofjagids were
Patent No. 4,229,130. [0020] O her known water-in-oil
found to begartidukirlyi seitasble nbdraderipok ymidyhlsifier plegwsdrsand its
derivatives. For exanple, U S. Patent No. 4,374,734 _
[0019] PhephoOeedontainie: Qhpundpiepyockmewnab iave damusiiyeelproperties in

wat er-in-oil enul sions, wherein the enul sions were
some instarc@s, Tofe:@hpfe, i B pafint Rl 4,286,250, '
[6020] Other known water-in-oil demulsifiers include polyalkylene glycol and its
den'vaﬁves. For example, U.S. Patent No. 4,374,734 disclosed using polyoxypropylene polyol to
break water-in-oil emutsions, 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

taught conventional demulsifiers such as polyoxyalkylene glycol and polyoxyethylene-

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



flooding in a process related to oil production from
wells. The preferred nol ecul ar weights for the

pol ypr opyl ene pol yols were said to be between 2,000
and 4,500. U S. Patent No. 3,835,060 taught
conventional denulsifjers such as pol yoxyal kyl ene
demulsifiergpapepisiag el tradi ghosplecRlar-greight (¥ oy abaysrIop é ?3 Ipmgisy The
polymers. U. S. Patent No, 3,577,017 di scl osed
polymers ofwhatanvéntioniwer@sadiestad &@ﬂllp@i}@xl&z@ikﬂﬁn‘sp@lgmers and copolymers of
ul tra- hi gh-nol ecul ar-wei ght (at or above 100, 000)
monomeric Ryl loided Agvin@ @ kR dciahl dpoay gicupe Rufthermoee,d).S. Patent No.
sel ected from pol yoxyal kyl ene pol yners and copol yners

5,407,585 d‘i’é‘closé'w%?e& I oﬁleMISEf&?d&ﬁﬁlgﬁﬁr PRVivAga derSialigh Br ¥dduicnat a high-
poxy group. Furt ernDre U . S. Patent No. 5,407,585

molecular- %Qﬁ é’oﬁ’@ﬂfﬁ%{ﬁ gv%coo 2 a%g leﬁgn&;ruﬁ!e gﬂdlgﬁ)wiy? bk MEMRES of

nDIe ul ar - yei ol yal k Iene cal ,and
making polyRpyakyisne &) YgP% ovlt T e F ﬁ%‘%’f@&lﬁ - PR “‘%g}l §¥atent
al kyl ene. g col s are known in the art.
Apphcaﬂond}bad@l’%% Peérpity Q_q}/ & Ua 2800194381 1) dslossd ar%ocess of making
10/ 524,555 (published as U S. 2006/ 0167321) discl osed

such a copolyreragedisiliig waict ngt ofsurelctanaoipbiry senprsingitesehydrpfygn and
wat er out of a reaction m xture corrprl Si ng

alpha, omegd&libRAY HeQhréteAtt sMthet@bphigacio ardahgdrotabom Tikedisclosures of the
presence of a heteropolyacid and a hydrocarbon. The

cited patentdagﬁﬁéa%%ﬂg ?1% dﬁ’{] ré&gtedq{ef:e%gb??éf&@heapp' i cations are

ora eln by reference. [0021]
t th
oozt BERUISBALERU o LAGHER, IR Bk é%es%"%y@.‘% Al el
Furt her consi derations oul.d be to f
processing sitesetughen QQBI?IFI%@F?‘:’*?gShSP]IdQ’ & iR o 4P fﬁ%ﬂ 1% PQP“IP‘”‘FM‘% oils

the conpressors as well as the engines that power
that are contiibie foothereosweessors a¥wiedl 4s shorneings énat a?WFIh‘é%% OB EEOS:
sites, it is desirable to use the sanme oils to

This is becAud®)rat gake rdniRe sitaniedsinkleandsd the sengpilets. ulpropethe
Conventional |ubricati ng oils are machi ne-specific.

£Qhd with limted exceptions of sone
compresso %F i Egolefln (PA£» and ester-based products, oils

[0022] oggﬁl\ﬁﬁtn{ﬂ lﬁ]glné E}ﬁ% to‘gﬂls are &meﬁ%&rﬁig tglgf‘%f@gmgf/“ggﬁlllrfmted
exceptions to? seglmg {)olyalphaoleﬁn (PAQ) and ester-based products, oils made with synthetic
base stocks often cannot be mixed with products made with mineral oils even if they are
designed for the same application. Morcover, 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




designed for the sane application. Mreover, sone
| ubricants are inconpatible because of . differences
in additive chem stry that m ght |ead to undesirable
, chem cal reactions, formng insoluble materials and
lubricating $ERASHEAIRGAOR GLNsdshd] et airedtiyrventsins fagld smokintsjof ge correct
: m | dest form adding the wong lubricating oils-to
oo 1€ | o8t AR dRAGe thoBnghe, lbubltiabandt
IUbucmnug%gr¥§§H ﬁ%ggke veﬁgﬁﬁﬁFﬁgﬁﬁinstance, hom%Ver, unl ess
. 1t he chi ne has ,never ,been pr.eyi ) he: :
cetainly i\ RGP BFPERLT R ol T 1 Fypy ey BRg i igiing ofs. At
" vessel that already contains small anounts of ige ter
the other end of thespectiunb pidiag Liegveone OLNP KFHHE ?W%ﬁﬂg’a&rsgal o) e
- oils mght not damage the engine, but it al nost
causing seveét@témishd, ywead drid firedesgiey, od rRsniéiag nealarrs JeRaECsar e
provi ded by the intended lubricating oils. At the

[0023)  AERRhEMd efprbbeh SReRbfitRs @ddiragors hel swgimg vot the same
certain equi pnment may spell disaster, causing severe

interchange BT R R BB e b B B PR e 26 "anproach
. .. that lubricates coppressor No| ' Lharsane

ofls. This apm@aébeﬁ%ﬁaa@gbf desgip %ﬂ%s%%teaﬁ?’%‘ﬁ‘g? EH%?%SWF% %ﬁs ’urypes
: assocCi ated.wi th applying the wang ubricatin Ll s.

of lubricating loils abppreenbs wetlheadse dibiy InyeRyeR ?}Pgﬁtﬁ?fé f‘éﬁ%‘gf‘?ﬁ% §18th°d
: avoi ds the need to stock different types of s th

of using a sihglBNiteRbiMGoiDEdBpastitier fondarcompecsinss wngt@églaunﬁ% jggs engines that
' invention therefore further provides the nethod of

drivethoséc%?ﬂ Qgsé‘rs.si ngl e | ubricati ng oil conposition for the
R corpgressors and the natural gas engines that drive

t hose conpr QR iOWENTI ON [ 0024] It
has been fo at "adding denulsifiers to the oils -

_ - that lubricate the cor SOr Sy andd or. 1.1 B8
0024 Tt aoepbiend dGee Be AEPRLTEy S ods SR ApbRBLA AT D pressors
~ bui I dup of emul sions in the dehydrator nd, ot her . ...
and/or the ergginusshat pamentiobd mpreprqeﬁl% HEPREH z}&etat’)uﬂ[dﬁgp g EliméllSlOI‘lS
' provi ded a nethod of inhibiting the formation of

in the dehy @btk $h@ et dovandticqmi rdachifeesi ccant  dehydr at or
conprising lubricating one or nore gas conpressors

i : H . . ‘
[0024a] Ig'r(])ge ansfa)éclt'l, rt-haelre i 81%\71%&9&1 ﬂ&ﬁoé&%m@ formation of emulsions ina liquid

desiccant dehydrator comprising lubricating one or more gas cOmpressors and natural gas engines that power

the one or more compressors with a lubricating oillcomposition comprising:
| (a) a major amount of a base oil of lubricating viscosity,
(b) one or.more detergents,
+. (¢) one or more dispersants, °
" (d) one or more antibxidants,
(e) one or more anti-wea; agénts, and

(f) one or more demulsifiers in an amount effective to remove or reduce the

formation of emulsions in the dehydrator,
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the one or nore conpressors with a |ubricating oi
conposition conprising: (a) a major anount of a base
oil of lubricating viscosity, (b) one or. nore ,
detergents, (c) one or nore dispersants, (d) one or
nore anti oxi dants, (e) one or nore anti-wear agents,
and (f) one or nore demulsifiers in an anount

- _effective to tHaEshHes tholeconf e smt s on siggaied
wherein BAGPEPEHET Wo{tﬁg%é@ﬁ%r ator, 10 wherein the

o .. conpressors and the engi f power those
upstream from tieatghyésonisa B?@réi%apgagg%?fﬁg{a%am fromthe -
- - dehydrator in a natural gas processing system [0025]
The present disclosure provides |ubricati rg} f%ial et
< conpasi;ti JidiatupaELing bil Ealpostidn thatge Sk £15g in na
[0023] . Thepéggﬁggﬁéspge@%rs as welT as natural gas engi nes, said
‘ conposi tions conprise snal tSnBfise dhSPEhLSANL 51
gas compressoreasivaets ARLER R PG %@?%Bﬁ%@&g anlzilrl%oI Re O More
- denmul sifiers in an effective armuntI _%o i nhiEfi%c}ﬁ\'}éramountto
- N IGEnthinghgfdetepgintomndone ﬁUJIHSIeo@@M RUERen g §
dispersants Eln(':l([?(ie%ﬁ%drators and ot her downstream machi nes. [0026] .
| S6hPSHERuRIDNITES gy ceddhydrasdrs kud pihemddwiptredg machines.
ral gas conpressors and/or the natural gas
engi nes using the conpositions of the first aspect at

: <or near a-l1l0a natural, Vel | hemshs cs@ptdtadrs and/or the natural gas:
[0026] Theéwb@mv&e??&ﬁ@?y?tgg%rﬁgﬁ%f el s?agns 'rFr)ay formin the

. dehydrat ors d B} mesa downst ream- [ 0027] The
engines using Y §RPBLYIHBS Bfﬂ\ﬁ g%esgggfegr%tgﬁﬂod of lubricating the
- .conpressors and the engi nes that power those
conpressors with the sanme, interchangeable
conpositions of the first aspect, so as to inhibit
the formation of enulsions in the dehydrators while
avoi di ng lubricant m x-ups during field processing.

- inhibit or reduce-rll_tgl? 5
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[0028] Persons skilled in the at will understand
ot her and further objects, advantages, and features
of- the present disclosure by reference to the
i fol | owi'ng descriptions. DETAI LED DESCRIPTICN ﬁgﬁTHE
natural gas well-AMEDT HGng GA2B onvaldven s YsH e EPEPTF BT 196% 1B
enbodi nents are descri bed bel ow by way of non-

dehydrat.ms and btMih DGidek bbehsiakinons, [00301 The present invent ion
ées conpositions as descri bed above. The

provi
o2 The iR RaEE BRREST REFR P US ool RS et a1 Gapes that pover those
- conpressors and natural gas engi nes that power the
compressors wigopkessoisrchang tabds emnmsittone o€ Srepsi asberissoads t6 ibit the formation
present |nv?nt|on conpri-se an anoant -of gne or .nore

of emulsions. md}éer&ﬁhgﬁinam HIR YOG WP NERUPA AT e PRISESSTS-
i nhi bit or reduce the amount of enul sions forned in

t he dehydrators and ot her downstream machi nes.

-l 0 0'2'8] Perdo@93d il ed Agh&linS G setbrabaviehemat fiirtler 98kecls] sREn@BEH, BES
are typlcally ‘used in the oil and gas industry to

atur at . wel | heads. and along
features of the preserﬁpillsc Ssuts *ﬁefarencrg gzctPe %)léox}ug desor § oW e engl nes to run

con ng-down only
formfmmsmﬁmmh@m% Xhanges. The

B " need to run continuously near ful] |oad places severe
10029] - Vardermnised featires argl gnpbidiTeerite Bici dgaaribad belaveby vy phaete
. engines. 11 [0032] The i ncr eased operating severlty

hnuungﬂkﬁqmﬁgg first lead.to added incidents of engi ne exhaust
~val ve wear conmonly known as “val ve recession" or

THeS$ Sork R iBonk @ 8schied dRvel ARE Qorﬁ?@s’iti&fs

- ° % Y "
WOSM Thegrgkegha%@%llgvves and/ or- t he exhaust val ve sea

ncompu GERD AR R IR R e B0 Pl
I nprovenents in valve val ve seat waterligs did -
fna B PHISFY,

natural gas englmeiSﬁ]Mt SOPET e |CPBPESEHR Tmetgy PEICRMPRETBS?
on the other hand, were found to effectlvely resol ve

invention comprishen waloust ¢imess mone @ftl'@lﬂﬁléi‘ﬁ' 5 tbﬁ@I’ e Peiieient 2y, competent to

_ 3,798,163, for
inhibit or reduce thc amount of emulsions formed in the dehydrators and other domstream

machines.
[0031].  As discussed above, natural gas-fired engines are typica'ﬂy used in the oil and gas
' “industry to compress natural gas at ngiheédg and along pipelines. This practice requires the

‘engines to run continuously. at or near full load, shutting déwn only for maintenance procedures

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

suitabie lubricating oils for those engines.

11



exanpl e, disclosed a conposition as well as a nethod
of maintaining a |ubricating anount of an oi
conmposition conprising a base oil of lubricating
viscosity; at |east one alkaline earth netal
sul fonate in an anmount ficient to i ove

[0032]  ‘Hag wrksastshprsraling ée%%%bb%% f%belﬁaf torfdded meigents Oé ﬁggme exhaust
al kaline earth nmetal salt of a condensation product

valve wear odmuemonky| Kophvarse “paivy saeesreon”an “stlde bigkid, Tlase tegms refer to the
substituted phenol, in an anmount sufficient to

rapid wear ofithé bxlauktecbas inad/opfhetarBaen galne satsaxipericatced by vegined aperating
the engine's cylinder head. [0033] Moreover, because

under high Io@ﬁ chMBhibsat i@g{nQ{NhSn s Bht ﬁe%ﬂ&%ﬁaﬁ%rﬁﬁn@ﬁﬁn valve and
subject to high tenperatures, the lives of the oils

valve seat H?thrlaqé &%rhtﬁé HS' nECTow) %ﬂ% Qehdatd O, luﬁ‘ggétfn'gml dYehe Bl hakd,

gines run w high em ssions Gf nit rogen

were foundé? g% el rmql‘éedtgsyahe??cg?{%%&%k R U Brg R FE, fo
desirable that the gas engine oils have I g Ilfe

example, dig¢lpesdgtroarmaitionds ieldias pancthod of rawrltaaw%ja%q%a? atiggamount of an
nitration. Engine oils having the desirable |evels

oil compositibn cempssing a basraniboDebricatiog oischety; ahleash eng pikekineggarth metal
For exanple, U S. Patent No. 5,726,133 disclosed a

sulfonate inl @Ngndunt SuffiBidnd LUMPSHcghs daagens ithe tdmpositis; and at least one
i mproved oxidation- and nitration- resistance. That

alkaline earﬁi GOIR 58D nBedBii G pl%ﬂ'ﬁé’trﬂf aﬁ@l@léﬂ@%@ly@iﬂm@ﬁn aldehyde and a

ubricating viscosity;, and a minor anount of
. i.ve m xtur fe
substiuted gﬁwﬁqlmﬂ A BN B R S aiééﬁﬁhﬁ paye into
. ,(TBN bout 250 or less, and a second al kali or
the engine’gydmd P‘h}éeﬂgart h netal salt havi ng a TBN of about 125
or less. Mrreover, U S. Patent . 140, 28
[0033]  Wiosesives ddcawotiiedpbricating ags mpadavith E‘a‘\ﬁﬁea@}g““@i’é@fee%‘&i gqkto high
oil that conprised a major anmount of a base oil of
temperaturdsitheilicvas ofbe oils searienimitadbyoxidation. ddditipnaldy, ngtural gas
m xture of several netal detergents, such as a netal

engines runsv@ﬂﬂ'l Richah8ssicRlEhaesden oRid¥Bt Thus tlieflﬁzﬁabﬁthdétﬁt&rogﬁm pils may
/or a netal phenate detergent. [0034] On the other

also be llmﬂai;_:_l%' nitrdforlf Oﬁpé&&l;ngg ffis @éﬁt’dﬁl@lthzgﬁ% de8 eﬁ‘%ﬁd@ Bils have long life

e, generat virtually no inconbustib
ials

through enlmaeillgpv@ni:esto o1l 0X1§at90li|1ra% I aFt%nOfEﬁéjl?e G Ha@ﬂ%rthg' 88drable
levels of resistancc_a 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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controlled by the properties of the lubricant and its
consunption rate. Consequently gas engines typically
have specific ash content requirenents because it is
the ash that acts as a solid lubricant and protect
the val ve/ seat interface. Running the engine '%h t 00

long-life, lologshagas anging ei ghat cemprised 4 MajosHBPYERéd bri @l plolubrigging
val ves or cylinder head, while running the engine .

viscosity; and & hiti@aniughofmmasthrel of seteral coaislalstesgants sicheasdaposl selicylate
in the conbustion chanber and piston areas.

detergent, sARQA I BAALY detbhRnBahd/of £¥tRtal pherdfd derpbie. f ocus in
formul ati ng natural gas engine oils. [0035] In

[0034] ﬁﬁ%acfth%%ndf{ﬁé géﬁb%%igﬁ fo@ﬁﬁ'ﬂafzﬁ%%)i%%ft@ﬁ\é&nbfé%, erffdiing

ubrication nee actors to consider in -
) f.or mul at.i.n onpr or, |l ubri. . toalve i
virtually l’lOd{}Cé}In;l'l%{lt)lﬁ %%a%ern%s.f %lﬂl% #‘i’lrﬁgl‘ﬁ%gé\f?hg%f%r F%%irai%ga %tvg .1s

Conpressor lubricants nmust protect rotating bearin .
controlled byfhe Bropetticsphtac 1%@#%@%?%@8wpt%ﬁi& élsoé‘g%%lﬁ%@% %%t cgeines
and ot her parts. Depending on the conpressor design . .
typically haandpdciffreashivonlent eapeemenis g@anwt isehejeshehaliasty asaghfid lubricant
adi abatic conpression or friction of noving parts.
and protect LGRS ®at inesfmt. Roshioy ildamigine vetalopllow iap gstategel results in
therefore required for conpressor |ubricants, just

shortened 188 fdr MY v & d’r_%gﬁﬁde&% el Ryl Sweiigs Me eaping wifklsd highdin ash level
oxidation inhibited lubricants are also desirable,

causes exc{s‘%‘lg? ? n;oits%? A b Egﬁﬁﬁgtioﬁrﬁhﬁé})ﬁe@rﬁ nissedess, AQBRGhely, the ash

I'on requirenments wth different
ressors because of their.disfinct struct ural

level is ofte%ggg{gcgyn gpu]@ggg‘ﬁ'ﬁtg{al BT Quls-

S'that are used in

reci procating gas conpressors st have.t separ at e
[0035]  {ruemnpasisen, I@M%fﬁaé\iip@ipffésqrﬁl B?Yegg?lr BWH?%?“ ﬁﬁn RERR! Fhé ractors
: crankshaft and ot her portions of the drive traup'aqd,
to considertifi fsrmmlAsigenmpazsser lobricants anprBasbetovaHep theye in formulating
providing lubrication for the 13 conpression chanber.
gas engine Ri¥BichttBr CoRptBoraliblida@isdnust grdtea rolatmgbeariag end/osslishing
requires a stable material that retains its

is¥nS G Wbks A bikgr PArRP e¥epkating 0bl elie confpiresssr design
Sm@w&pmé@@@?%@%ﬁﬁ%ﬁhéﬁ conditions. Materials neeting these

and type, g BDSRGRE LY PRy e® R Aol PRy Ret PR TR movine
parts. Adezlgq?[e ?}{eirrggl aarllrdtox‘;jl atitvg rst%ibﬁi%ese A itﬂeereg’oyebrreiq&ﬁgc{ for %me.'elssct)r
lubricants, just as they are required for gas engine oils. Rust and oxidation inhibited lubricants
are also desirable, and antiwear ‘protgction is often needed.

10036] 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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jet aircraft engines. The second function, i.e.,

provi ding |lubrication of the conpression chanber, is

specific to this type of conpressor. Unlike

| ubricants for internal conmbustion engines, the

cylinder lubricant in reciprocating gas.conpressor
compression ehanjescThellubreaiond thy duvsrfraip &%@?ﬂsﬂ}léﬂ%ltequwcay%ﬁa’éﬁ

subsequently, and exits with the conpressed gas.
material thaflteteins tangsdosantsd fubricatirggeopaiemmeSE G U BEMEThORCTA Sy

have high resistance to degradati on under extrene
conditions. INBATBRAIR iEERS: MBSk refliieassmtemcludeltfondxample thigh-perfarmiance ester-

form ng sludge or varnish in the val ves. They nust

based lubrlc@ht% el BavEbdef GldckRed th BEBlbr ATRUSNG EhphlRbrithtPMUiR for

excessive contam nation of the exhaust conpressed

jet aircraft eggwﬁ§ e@% gﬁ%gé%[nbtﬁénu?rel %%cﬁn% Hfbnﬁﬁﬁnﬁ{ﬁﬁééddﬂ&essual chamber,

ave I W vap pressure an goo
of a su

Vi SCOSI t stabilit

is specific tg g)éﬁ,qyggp FYNRIFISOE ﬁﬁgﬁnﬁggﬁﬁ%ﬁr Interpal c&r&)&lg ?rh%nglnes the
conpressor was disclosed in U S. Patent

cylinder lubdicanitin 82iproga0ing BRS FHMPISESOF OIS amyctéfbvwh@M?%@w@& is not
rotors are exposed to a m xture of gas and the

recycled subsetuiontlgind dxits addti thé oompressed gas.dling, bibtibants farlthesen
the rotor to prevent netal -to-netal contact, the

compressor} HA5t ARBAlyH4$E hiPhQ¥disiendd 16 @8gradgichumadér el tpmparatutes and
gas reconpreSS|on whi ch occurs when hi gh- pressure,

pressures, bﬁngc}s@ raﬁisﬁém%émﬁ é ﬁ@g& Bteveﬁ'ﬁﬁh% fPetMReN ThE hadtQlss be

neshlng ces and conpressed again.
effective in §@F‘U l@r%grgllntg grg{o g) avpé or ! h\?e (i%ﬁl ‘0?15 Tifte é’iﬁggﬁ compressed

ene
during gas conpression. These 0|Is H be d
gas. In addiignt lubrigantsplor FeepRTP e g fEMPRESSOTS 1St ﬂ?& N\ Vf‘ﬂ%r Risgte an
and outlet of the conpressors. And because_ the
good viscositystabilént Anzxemple aferiuiiehle Iybiricating el eprapesaigngor a reciprocating
conpressed in these conpressors, the lubricants
compressorexdRalidciieditigh PafeaeNb/g111.82kce bet ween t he
i ntermeshing rotors. SU|tabIe | ubricating oi

preQbfd; Yotslaededbséd/ioa mfxtwe wp pasadribe
10037] ﬁﬂﬂpgﬁ&gsggﬁggﬁgsed in ?he prfgﬁsart for exanple, in

lubricant. 18 ﬁlgfhﬁlgn }tch gllrovggr}ﬁ ﬁ‘hlz @grp%ﬂ%he £09m§¥re%eﬁﬂﬁé‘t§md LAB@l c@Rdt, the

ore may no necessari | Yy be

suitahle fo
lubricant must provblde a sealimg %unctlon to prevent gas recompression, which occurs 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-
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i nterchangeably with a conpressor. However, in
accordance with the present invention, a person
skilled in the art will be able to fornulate
| ubricating oil conpositions that are suitable for
such interchangeabl e uses w t hout unPue
type of compregwrs hatetbeen discloprkiatherorart forespmBlea gl Ss Patia ey
the performances of the desired conpositions are
4,302,343, eval uated are known. Base O |s 100391 The | ubricating
oi | conposition of the present invention typically
[0038] A QOR¥dnE6Ral @AScBfine Mbricarhdseefoid may hattneegsearfly &s enigablnfor use
a maj or ampunt (i.e., an anmount greater than about 50
interchange%% With a E@bt. YHERE R aAs@cirbarcs vaESE Peséril idention, a person
anbunt greater than about 60 wt.% or greater than
. . ..abaut....70 .9 I . ¥ ; Yu;
siled in g A% of gplo foraliogP fRlcBling DB ARG o e Bl IS Tor such
The base oil used in.the lubricati conpaositi :
inerchangelg vpsry ORI A GHE <R BNt Yt et Y cEREBRRRLp AN e
or a mxture thereof, provided that the oil exhibit
performanceshef the desirsil cemppwtions arc syalwited #55 kAR esi st ance to
oxi dation and nitration. Base oils contenplated for
Base Qils use with the present invention include ani nal
vegetabl e, mneral or synthetic hydrocarbon oils of
[0039] TabRbaadtind®il donsReiSiohf itchrodext ivetionitepiealfy comprises one or
Synt heti ¢ "hydrocarbon oils include |ong-chain al kanes
more base 0%1%(’5%& Are prfage(ﬁ'f IEXRAIRY mofift @8S8n aRBEntQr&térThAPABOTEES wi.%).
such as, tor exanple, oligonmers of hexene, octene,
decene, .and dodecene ' ' 08 i
Generally theriny 1§ PESFRFT #1 B0 RTERr g i Aok PpTRE Y bE rekide ikl bou
hydr oxyl s, such a entaerythritol esters,of .. .
70 W%, oSSR BOAYTE S0 46T HPARES e J LS B URTOR RS
trinmethyl ol propane esters of mpnocarboxylic acid%2 1
compositiohaVhabasg oilasedincthe hwicatingreempajiosdityhc ey gition may be a natura
(3) siloxane fluids. Especially useful anong the
oil, a synth@idihet b eniesiterhsreaf,erovidekthantie oflresmbitibs sequishe grel
aci ds and nonohydric al cohols. Particularly preferred

stability an@&istdiRe BSb@Hatldritird i@, Fasbyil edrtymplated forf ysevgth the
pentaerythritol or its mxture with di- and

R
viscosity and mixtures thereof. Synthetic hydrocarbon oils include long-chain ralkanes 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 esterslof monocarboxylic acids having 2 to 20 carbon atoms; (2) polyacetals;

and (3) siloxane fluids. Especially useful among the synthetic esters are those made from

polycarboxylic acids and monohydric alcohols. Particularly preferred are the ester fluids made
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[0040] Mneral oils are cost effective for
applications where high-tenperature stability is not
required. Mneral oils may al so be processed to
reduce sul fur content, but they general ly contain
sidual sulfur in anDunts about, 0. 0.5 w %. . .
by fully estgvingifestap Ul orgy TORBIT M Bk e depriiey Bl it apiphatic
preferred for the present invention because they are
monocarbofylieecf conggiidg flons Litf 2} carlen #tamse  synt heti ¢ base
oi s include, for exanple, polyal phaol efin (PAO
[0040]  Wiikddal BSta8d clstléfistioe fangpligione wbetedr dh-windpsrature stability is not
pol yal kyl ene glycol oils or mxtures having a
required. Nhh&%ﬁ@ﬁs‘ Hay hISE Bég foXeRtd ﬁ)‘l‘éﬂﬁce?sulfﬁr cokfferg Hut ey RN&ally contain
ese synt’hetic base oils are inherently free of

residual sul u:n; grlﬁlbﬁﬁlsq ﬁf‘ ?Jbgﬁ BS 180% FEé@! for thisQ %@)ﬁ synthetlc base lubricating

0i'l's 'Can bé prepare
B i A R A TR
: hyd b the C20 .t
et bl OESTEON LT L 20,0 00 hanas, QUberLover

pol ybutyl enes, propyl ene-butyl ene copol yners,
polyolester cdilso polyatkeldng g]wdmlgslwmggmway(@.ngg@n@g viscosity of about 2 to
pol y(1-octenes), alkylbenzenes (e.g

10 ¢St at 10@9@6%13&%%@181@&)%%%&16 aftciaidrbethy foesf sudﬂm@hymemsemésnetals
- ethylhexyl)benzenes) pol yphenyls (e.qg.,

- 10041] p{)l&?ﬂ%ﬂ%ﬂlgﬁ | @ﬁedwreparéﬂ by taidoRetiypa sl secerand other

enyI et’hers ‘and the derivati ves,

lower oleﬁrp nga‘&%?gl’é%ég’lgﬁfn%%}? %de%(H&lgr?c%braﬁ'lg@ﬂ’fdrocarbons in the Cyg to Ceo

s can repared by
ymerization of, a | ene oxi.de
range. OthProwepekpRBPSERIgREaT FYRPiegrsgon ke Ay icnes
hydr oxyl groups have been nDdlfl Y,
propylene-tagylest espioflyroers. aoringtedanohditylERest P‘gﬁa }E%S‘%ﬁ? ?y 1'00%1163)
i ncl ude pol yoxyal kyl ene pol yners prg&ared by .

alkylbenze®! (¥ @8 dodedyi tenzafes gt tydeeylbenscnde doonplberenen di@xi de,
the alkyl and aryl ethers of these pol yoxyal kyl ene

ethylhexyl)%@ﬁ;ééﬂ@é’)spcﬁ?p&nyls'(?*gh Ybiph@ﬁj/ly,l tﬁq:fhempsl,laﬁ{}éatgi pagphenetshieand

ving ‘an average nol ecul ar wei ght of 1,000, diphenyl

eth I 1 mmﬁeaﬁular
alkylated dwgeﬁﬂ e%t‘frg %%&% Iaglldgﬁﬁ]g%gl %@F %ﬁyedriﬁ%? ggpol ypropyl ene

ot SRS S B s o

exanpl e, the acetic .
polymers and 1nterp01ymers and derivatives, wherein the terminal hydroxyl groups have becn

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
cther 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 glycol having a molecular
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acid esters, mxed C3 -C8 fatty acid esters, and C33
Oxo acid diester of tetraethylene glycol. 100431 The
ester oils may al so serve as the solubilizing nmedia
between the synthetic |lubricating base oils and the

addi tive conpositions. The ester o]l conprj se, .
weight of 1{086- 1e5080pana mane- ad pollieape i ssieshepolatpr xRS, (g acetic
. dicarboxylic acid, which may be selected from
acid esters, phitdiaC € sdattydacid ssiensi anidcCia €3¢, aci digateraf seitagihylang igpsol.
and al kenyl succinic acids, maleic acid, azelaic
[0043] B ExterHUb aidyGilsoaehd, asshbagililizag chedfabearéan the syhthetic
adi pic acid, linoleic acid diner, malonic acid,

lubricating %%%Elg?ﬁ@me%dd@ﬁk dSmpaidod. KBRYkieNBil faly Cod@liss forld@mple, an
al cohol precursors of the esters may include, for

. . .exanmpl e, .. ;but vl al L, 2 @Q8E Whihalic acid
o G w4 My Sk s ot i,
.. diethylene glycol noet her., propyl.ene col. . .
succinic aciSpuky 1 Ee it Ajok a8t afkoat s B are S ef Nt iy puberc
adi pat e, _di(2-ethy|hexyl%sebacate, di-n-he§¥l Imalonic
acid, sebasi aeier Amaricaiide agipicsisish Hapksic aHq YBIEIIONS o idy ghylmalonic
di i sodecyl azelate, dioctyl phthal ate, didecyl
acids, and alinhbinalogic adidsi dbs plcobelprcatrsors phide zstexsh'gramgiy/uple, for example,
diester of linoleic acid dimer, and the conplex
butyl alcoh&Sh&y1 hRBAGIIddEcIaaciHon @ -dhyihtey] afcobelbabhilenagiydohilicthylene
two "noles of tetraethylene glycol and 2 nol es of

glycol moné@tﬁ%rhh é{o:ﬂgféglg g@%g?g%gpiﬁ%@ﬂﬁl%legﬂ’ Qligblseiew indmide dibutyl adipate,

I nclude those made fromC5 to Cl12
_ monocar boxyl i i ds and. : o). 68! 8fidecyl
d1(2—ethylh%>ty;h§gl?§?tlef | Fn~§§(§§ﬁ,%lll ara etglrcjygﬁ# ?ﬁfﬂagﬁl@?gﬁsf?@tﬁ elare; dfisvdecy
_trinethyl ol propane, ent.aer rito .
azelate, diogiypehihalatey tdeel o l?aeetdﬁlff@ﬁi/%?gfﬂgﬁﬁ% s bryikgsydighg of
[ 0045] The additives that may be included in the h
linoleic acil dbnércand thg comnplex satgo&irmed by Tercling d malegbspbacic acid with two
i nvention include an effective ambunt of one or nore
moles of teB8eMH18hd §19ES ahd 2imblicbif 2-ethylHesanrat a@d or  bui | dup of
emul sions in the dehydrators and ot her machi nes that

W3 LE SAMdHCUMs N inflehytibsd made fréddisttd ¥esmonocarboxylic
m044l, g%?%ﬁ%ﬂe %or the present invention may al so include

acids and po ellsge{ridgo‘r%gfbl g%(tieﬁa%ch%ﬁfﬂﬁh ?{%%I‘E%?’?ebg?ﬁ%\??@#tf%?ﬁﬂmpme’
pentaerythr?tioli, d]ciflye%\tlge%yzthritol 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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I nprovers, detergents and rust inhibitors, pour point
depressants, anti-foam ng agents, anti-wear agents,
seal swellants, friction nodifiers, extrene pressure
agents, color stabilizers, wetting agents,
bacteri ci des, and addi tive sol ubilizers, Sone but not

improvers, dgtergents gpdrustinhanios, RewA RAINESPEE NS aRE-FoapHRe pRsNiANt-wear
Persons skilled in the art will be able to sel ect

agents, seal sieHantaddctiénmedifiietsh oxtrenumphassureagsetisi erdert iatiilgers, wetting
[0046] Using demulsifiers to break water-in-oi

agents, bactefitiled, and addigvovllibikrewnSdme bitenodall of thespratlabdditives are
the arena of crude oil production. It is known that

described bgi%Wu lf%ksfohg GIa&d ﬁﬁhe SRR HeAB1eh sel@&loﬂ{er %@&1H§&&Nitﬁdﬁ@ undue

ter, and non-polar solvents like oil. They are
ox erlmentc[ln'rmnly used in functional fluids (e.g., netal
P T&Moval "1 ui ds, greases, rust and oxidation fluids,

draul i ils, ressor. f uel
oss]  (¥gadranfii fothrerdy WGt { plsigs i Bioh in the ar
emul si ons, break enul sions that have devel oped, and
especially in Hividsena afsrydgsiiloprodyasion7 Tt is knevie that gergalgidicrs break emulsions of
conception, denulsifiers are made of anphiphilic
polar solutes tikp ouatedsand See;polar sglventlidst lodt They ate. comh@ly Psadgnfunctional
No. 5,997,610. The hydrophilic portion of a

fluids (e. g, HEAM S bV FluiRY gre@ ! ATandxid ol foRR! BrlaulRsiilp@snpressor
such as cationic, anionic, zwiterionic residues, or

oils, fuels, éﬁl‘ﬂ Jﬁ%}( on‘g%ﬁ&l%j tl ﬂﬁhﬁ; ﬁﬁ'ﬁilatl&‘i’ b%rhﬁl@i@ﬁ %‘f’éaﬂh&%ﬁﬂsﬂﬁbﬁh&t have

rop Ic portion of a denmul sifrer nay i ncl ude

k functlonal groups (>7 carbons), alkyl aryl
devaoPai?Q#ﬁﬂl ﬁé&w §¥Bups, petrol eum derivatives, or even

ysi | oxane functi opal oups 8 ASTM
[0047] T thiip bronget cancsmien e DR TR S P et AP R Gepppounds. See
eval uate the general effectiveness of a conpound as
e.2., Kwetkat defulsS. Paient No, 288561t Thhysrophplicpartien ohggerplsifier may
found in the Annual Book of ASTM Standards, Vol .
contain forr@llodharyddi redidi suclc oy mbaiceahlbmn,ezmtdnmnmbsdwcg it may
ASTM D- 1401 tests the relative speed and extent of

contain uncﬁglgb‘ ?oﬁdr%a rQMHREDTEe By drbFRadid porlemul & dérhelsSier Hag include
d ASTM D- 1401 test procedure calls for the

long alkyl ATh&long é)rf ‘}‘5 %P%i adtgpﬁﬁ’l%ﬁor@a@glé‘ﬂlgs rﬂetr@feuﬁrﬂen(\jfatwes 0

agueous p I oni zed ter

=

er f
even polymﬁ%cane P c{lgr(ajal groutpls ms

{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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18 to allow the phases to separate. The results to
ASTM D- 1401 are usually expressed in the form OQWE
(T), where the 0 is the volunme of the oil phase, Wis
the vol une of the aqueous phase, E is the volune of

the emulsion layer, and T is the tinme it takes to

to allow thegbhsee saety-¢) ReRHEP s T AT HRgspilaeagressgign the form
standard test is perforned at 54C. The standard

O/W/E (T),tvéietd thg Ceisriiak voloms of Heweletiase, Wristhsvefumed e ABiPRs Bipse, B
to mmc the conditions under which the lubricating

is the volunfdl df tEOSRASichilOyes, andrtisttheticie inthlsdsfto ectieeomatas srpdration of the
therein will function. Specifically, the testing
t 5 r | DMesatiat dteaiaudondRions, however,

two phases‘z‘glgjaérﬁ&c?%nggﬂt B pe g?lglﬁegb&?? 0 pesaduiom o

. the. Con: . .
L e i

thap disti]l wat ef, .because th NSt ' .
and the dem RS SERNFG SRR LAGEERY- PBSans Saib hitinh fyfarfe s
emul sions. Particularly preferably, th r rtion
preferably lofvetcHdo bboui@04e PG, and moskpielesatdy t%%)otlhg‘% P"t #58. Mover, the
concentrations of the conponents in the test mx ure
aqueous soltitioh eddedas orimnthichest avxived is emfereblyrshriecoldipn Tafger than istilled

denmul sifiers of the present invention may be sel ected

water beca@sé%@ SReHR e BTA Biihd @lstiod hate doselystsdmhigesthat of the emulsions.
unctional under various tenperatures. Preferably,

: 1h ligd £ o fofHehridRr BREidh id A eNEd @that the concentrations
Partwmarlyo%ar%'f?%g%ﬁ%é éelgljé)ggrélopeorf or r?ance int hieujASTM D- 1401 test

at the lower, . nodjfie i LRtdAses, which

o e comrgt e BRI e RSP B BN o Blaces, vl
dehydrators. Denulsifiers .of the prese [ ' :

(0049] e dpmaRUicROPREF BTSSRI BHONTE U5 PRERFALY Hanp] &qulsifers
to avoid clogging filters and orjfi.c of the ., .

that are stablenrpd ém&ﬁosalamdeltmlogﬁwgqturgg,cﬁreggglﬁgstge demulsifiers of the

demul sifiers may be based upon am ne sul f onates,
present invéfidiedeastirsahte gpod perfiernpinos phie &S TM R 1404 teet at the lower,
carboxyl ates. The denmulsifiers are preferably | ow

i E]E&E Mifel WReh Vinfg s icfieyactund bperatipenphmturcsipdbé t y
mOdlﬁedthﬁﬁ] [ eirt corrosion. An exenplary enbodi nent of the

achydraton . B P e R P e er ers
ashless, to ;‘?ég @I}ﬂrs]gggnhgeﬁlk:elil? guluf (%‘Eﬁc%g O?Hle c%ﬁ{ﬁ&%lrs lahE ?hec@cngfﬂ%?. Such 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 minimuum, however, the amount of demulsifiers must
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i nvention may vary substantially. At the m ninmum
however, the ampbunt of denulsifiers must 19 be
sufficient to inhibit or reduce the formation of
emul sions in the dehydrators and other downstream

. conponents, for example, from.abaut 0,01.tp 2.0 . %
be sufficientfo IBRBTaF Rsiog* MegdhiaBsRotgmPTIgy 1 ths ety draSant by
the total nmass of the lubricating oil conpqsitian.
downstreamscapgsingrty, fenommerdiem abgutif 9rdbwhio, Phpeirakly from about 0.1
conprise about 0.1 to 1.0 wt.% of denulsifiers, based
to 1.0 wt.%orastdhen thettatal messgiftthe ibritdtng aibednyaisitiog. Exemplary embodiments
conmposi tion. [0051] In addition to the demulsifiers,
of the preseRihd@itiofRomphkbhlict 5.106 1a0vt. o frAtulsifid@ry, Bacedstdihd tital weight
the lubricating oil conpositions of the present

ofthelubricjap}{ggﬂwﬁpgﬁﬁgfl‘.se they reduce the tendency of base
stotks to deteriorate in service, prevent the

i ncr.ease in Viscosity, . VoI I V, i
oost)  BGERPo U HoBIRRESY B0 UG8 B s b B
. may _include one_or nore of . hindered gheré?ll S £
the lubricatiggjed| compogilipphoBe aressaingnten JreypeREnBIYRT Bedengeacy o
having preferably C5 to C 2 alkyl side chains,
base stocks tatleserinrrieanpérpleenpevens itie igetcasesinvissesity, podeyaighpladge or
phenates and sul furized phenates, phosphosul furized
varnish dep6¢itsSoul rhetsl sueficdry Buoh ek ldatisy inhitephony islwstoar of meet off
t hi ocar bamat es, and oil - sol ubl e copper conpounds such

hindered phfols, P Sind 8&%h hRed salfs d¢ afkylfiRhEHiliioders haviBe preBfbly Cs to Ciy
Phenols that are useful for this purpose include

e 9 PR  plad ioc
but yl d hyd | sol I t ' I A
e, S A S B SR e

thiocarbamét;agagqli Lg;%hgi%%qppgr%%gggu%h as those described in U.S. Patent No.
2,2' -met hyl enebi s(6-tert-butyl-p-cresol); 1,5- _

4,867,890, Paphdlhteemedisefu] fof s putosbinlude vareusiliesatedphenols hindered
p, p- bi phenol ; butyl at ed hydroxy tol uene; _

phenols and*penobdkiritatideneibh af Bbitel hydvodquihems butgkuid)hydroxyanisole,
4- met hoxy- 2, 6-di -tert-butyl phenol; and the I|ike.

polybutylat?ﬂnﬁ@%%!(hoﬁﬁ B Shy dest b Rieab, deionsed H%drﬂ@ﬁnork@ﬁﬁncﬁtert—aryl

ef oné-di aryl arfi nes, ‘al Kyl ate
iy LSO PIBDL SRS o U S0 v
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™ L-

135 hindered phenolic propionate ester as antioxidants.
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present invention conprises an overbased, sulfurized
cal ci um phenate and an | RGANOXTM L- 135 hi ndered
phenol i ¢ propionate ester as antioxidants. 20 [00521
Frictional nodifiers may al so be included to inprove
etflcienc¥ of the nagura& gas . engi nes and t
[0052]  Edehomakmedifiersapyy alsp o imelugdeg iadmpadwgetiigisaey gifge natural gas
di -am nes are well known frictional nodifiers. The
engines andgtit nerspressorsh eOllsetiblesalkerohaterdt mono-tand di-eminasfargyyell known
adduct or reaction product with a boron conpound,
frictional mobifieks. e dntinesirany b asedlas sachharih theoivirdef abaddirt or reaction
hal i de, netaborate, boric acid or a nono-, di or
product with %'bb%ﬂ%mﬂb%&t@hicﬁﬁﬁ?%e%? ekaripli G o8O 8kideDsbirbh BAisde,
there may be esters forned by reacting carboxylic

metaborate,ao%irlgsdc@.rbq a%F&?/ dr &i%@%ri _\Mr%@ Ib?fla&(ea n&hﬁ%%%l%ictional .modiﬁ?rs, there

conventi ona riction ers ge consist o

a polar,term.nal group . g. ,carbaxyl hydr o
may be estfy &by FohRautrs O dpARPER ey sl el Othet
. chain. Esters of carboxylic¢ acjds and, anhydrides
conventionalifpgtion medibrLs eeavellpeeiriy ke prelrminal BISUP kg HTOA! or
4,702,850. Further exanples of other conventiona
hydroxyl) chvalettiydrndediiof inerlsqphilhic Ihydionerboh ehasf.t Bstergsd garboxylic acids and
organo-netal lic nol ybdenum have been descri bed by
anhydrides With B8lanek hiave bévd dbeeribrdlin Of S. Tratdno Nog¥,703/850. Hirther ppamples of
675-682 (1992), and M Belzer and S. Jahanmr in

other conve_l?_ﬁ&{aif EaltioRMm ok &R I clu¥Rg-thd oft@Pused 0fBnbIRARNic 11[1(99[5&31@1,

e lubricating ol conpositions of the present

i [ l. c ' 0 i
have been doflXf b A7 iR PG RRRALEF TRPOURE L, LIECOPR TR (1992), and
l.yoxyal kyl ene polyols an sters, .t f, :
M. Belzer 358 ﬁy%@?lm Zﬁgf ’%ﬁ&%‘ Cée,”c%"(g%‘ﬁairi p@n?gﬁgfiﬁg sul foni c
aci ds. Moreover, copper- and |ead- bearing corrosjon
[0053]  Thiubrieasing ofesprinesiiioag of hapresert PygHtien Ay akggrcomprise a rust or
required with the fornulation of the present
corrosion inhibientwitoh niay deptlested frosucdnicanpolynssikyieneayudyols and esters
t hi adi azol e pol ysul fides containing from5 to 50

thereof, pol $@sRAKY Ik PhBnol§, RAH anid@id allaglisuEsnia acidp OMoRRIVEr, chpeeodnd lead-
such as those described in U S. Patent Nos.

bearing con%siz)?%%ﬂigﬁ?lrg %%aér]b% uséd ;blﬁgll‘é: typilAfy xﬁftgequgea ﬁ\ﬁthatﬁg fdrin{@tion of

such as t io and pol ythi o sul fenam des o

the present J}ngler?tgol’ng %a@%&e%eoﬁgéfpgodmﬁo%ngg incﬁ.%te ?l%gdi%(ﬁg bf)lgfglﬁhh%’]containing
from 5 to 50 carbon atoms, their derivatives 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 additi_ves. 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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benzotri azol es derivatives may also fall within this
cl ass of additives. Wen these conpounds are
included in the lubricating conmposition, they are
typically present in an anmount not exceeding 0.5 wt
% active ingredient. 2 ;00541, I spersants.are al so
[0054]  Rigpssanivare glsopdged ©4hs ﬂi@f %?t!ngc%ﬂﬁéfgﬁqs}t’é’ﬂé ohe brgsent
present invention. Preferably, the dispersants are,
invention. Rytferdbdy,dshilispmsanty dre oy theashiessserigiys feshiesndispergaite pioglly
conprise oil-soluble polyneric hydrocarbon backbones
comprise oiMdliiblapbBateeid hiydreaibon dhcidooersith hgdched SincGapaigraips that are
associating with the particles to be dispersed. The
capable of aE%H&FaEihg RAth HE PARISIERY bd@ispdrdd. Exait®nalaifomsmay be, for
al cohol’'s, am des, and ester polar noieties, and they
: are attached . [ k ' e e}
example, anfps, BeREGHRR, W AU mo QARG MRORS, UURHGHb B polymer
cktones 5 BL G e SPOLL S eSSty B g e om
| ong- chai n_hydrocarbon-  substituted nono- andh.
oil-soluble mt@,@mm@—@@rg@r@ﬂe% Hg}d,es,é\ﬁﬁyaﬁoaggs, of long-chain hydrocarbon-
t hi ocar boxyl ate derivatives of |ong-chain o
substituted My ds-cmardiaanisgxylio agids hatheiranhyhrides:dhivparboednts dgg vatives of
havi ng a pol yam ne attached directly thereto; and
long-chain INARGUa6bbnG OlBH L BR#h ialiphdiicdgdedcartons hidnby pelyadiérsittaghed
I'ong-chain substituted phenols with fornal dehydes

directly thrm%ﬂ)c,j taﬁ(? WY ahlohl SRERAHATLBESS folfhe K¢ EPhRNYIng GiTROCHalrE Nt

e present I nvention enploys a bissucclnin de

. shl ess. dj sper.sant . TRVEN N ale W4l S
substituted ol LERSHERHs shd RESHYIFERL iy BE ROBPIA LT
. of the present. invention. These.?ddiﬂiv S &gﬁﬂrt

embodiment piythe PEFENY IBYENIRRSEIPAEYS AL SPEFRIBAT B3PS SSPHEM e at i ng

oils. They may be the sole-function type or,naxlbe. ¢
[0055]  Wiscosifyindey wadificrssna albe be added dp et lybisding pd cgmpositions o

i ncl ude, for exanple, polyisobutylene, copolyners of
the present Givayti@neTlesel adulitposl immpert ugh- kind ey -tayshavs] apefaRdity to

pol ynmet hacryl at es, pol yal kyl net hacryl at es,

lubricating DB4. hecdWh @ Be the ROleYiiBEfon typOPOMYyTBE Subiffuastional. Suitable
unsat urat ed di carboxylic acid and a vinyl conpound,

viscosity mitﬁgitrt'lt%fs aiﬁ@il}é{g?{) ex%ﬁnﬁzét, Bﬁ%buﬁ}%e,a&fpﬁ%ﬁﬂe@@f @hglendutddl propylene

\ roge d“copol'yners o
and higher gltpxg—(e)Pe?{ng,sp%?}gn%éltﬁécr?lta%rs,eﬁo%aggyt?lﬁl%'th%gﬁdates, methacrylate copolymers,

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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and i sporene/ butadi ene, as well as the partially

hydr ogenat ed honopol ynmers of butadi ene and i soprene
and i soprene/divinyl benzene. 10056] Metal - cont ai ni ng
or ash-form ng detergents function both as detergents

to reduce or . renpve deposit nd as. acid .
polar head widulonaiiwdiopbowiF byt PrIet B SopBrsg bl galiof ap e
conprise a 22 polar head with |ong, hydrophobic _tail, ..
organic convgothd.t ke gedls amayrroathit o Aystaniinly soicBiogietiGIRoy;H of the metal in
acid organic conpound. The salts may contain a
which they &tehstait deatdiyedsisooahalametutrad saltoand wonldttypicatist hgvejarjotal base
whi ch they are usually described as normal or neutra
b SmafBE mMaslred by Mafidirll Velemeacyptebtobadh dsasETMIBB6. It is
(TBN), as may be neasured by standard detergency

possible to : e]?fl,tdg 1%%%%@@?@%@&? %?&.@bbgl feadtihg ARRRSsHbEa hiRtd] BE6MpPOENd

111(.‘.
ard un a neta Se by reacti ng an excess

such as an q%@q?org%td%{gﬁi O\%REE@ gglf}l(sgurg%g ggcsh e%%a%h%ox% hlgéﬂlgﬁg

car bon di oxi de.

number (T

resulting overbased detergent conprjses neutral
overbased dgtarggnyepmprsesRairyized ﬁe‘ie{aﬁf’g‘F agfpe S%lag?r é‘s‘Betf‘@?agg% ,?qu*
carbonate) mcelle. Such overbased detergents na i
carbonate) fivelle aSTBN efbassddgerggnts aasrhavaad B pf b qr)greeft?ro%qch‘g@lcally
to 450 or nore. 100571 Suitable detergents include
from 250 t™30-&Ghetkl e neutral and overbased sul f onates,
phenates, sulfurized phenates, thiophosphonates,
[0057] §Q'ft%bg§ {:}aﬁgl?émts RaphicNfna @ic nauteh] @hd) 6verbiskd saifatiates, phenates,

car es of a netal, particularly the alkali or
: | kal i ne eart fal$ fithcRRBITOAL Ythet'siedoliBleal
suﬁhnmﬂjgpgﬁg%ﬂgpﬁﬁngD éﬁgﬁgﬁ¥%§§’s metimes al so mxed with

sodi um_ whi ch al | be rese ' t-ai
carboxylateged éﬁ@%ﬁt part @H?ﬁ% i aé]fqtflyorsﬁlfaﬁlgg I%Benﬁrrg}e%?{ eteg¥l %Sé S?Iélmonly

are neutral and overbased ca%ciunufulﬂon t es Ha%ﬁg all be
used metalsTBN calcivim and mognesiwsFomBRINes A0 FUTES Wit SV By BF5aSE

cal cium phenates and sul furized phenates having TB d
present in dftafnr durorpénts. oPatfiCulariynsuisablepnetel deseraerds prseugyl angl gerbase

present invention conprises an overbased sul furized
calcium suﬁ“@‘::la%sl'}fﬂv of \Wohh2@toFBN BRNafmuteutrald cysrbaedd calgum

a

ow overbased sul fonate with TBN of about 20.
phenates and sulfurized phenates having TBN of from 50 to 450. An exemplary embodiment of
the present iﬁvention 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 Cs to C,3 dialkyl fumarate/viny! acetate

copolymers, polyalkylmethacrylates, and the like.
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[ 00581 Pour point depressants, otherw se known as
| ube oil flow inprovers, |ower the m ninum
tenperature at which the fluid will flow or can be
poured. Such additives are well known. Exanples of
t hose additives include to C18 dialgyl )

[0059] Eﬁwﬁ%ﬂ,dlﬁypp}w@g@a& g‘ietag8 %E‘I ay?@qlgz,entmn ly used as anti-wear and
pol yal kyl met hacryl ates, and the |ike. 23 [0059]

antioxidant Bidnysd r Beezibysaltdiatehtho presspivameniyased indabricating eil in amounts of
conventionally used as anti-wear and anti oxi dant

0.1 to 10, prR@estlg 0.2l wi.%¢ basal apomthe tblabwaight ofthertnbinikcytingsed i n
| ubricating oil in anounts of 0.1 to 10, preferably

compositioi?' Rn terRpliy ShbJMRAEH BRI PrERSt trotRonRhiiseHiboul® S mM zine

?brlcatlng oi | conposition. An exenpl ary enbodi nment
) . ' ' ' 4.5 MM zi
(1 bis( 0.0 ] G B g e P S e T e osphat o) as

n antiwear ent. 060] Foam cont.ral .can he.
10060 PR 5 R idthBa Ry SCReP U OC AR E e AT e pmp: ofthe
] of the polysiloxane type, for exanple, silicone oil
polysiloxang typsofoy gxaraplRysilieane oiyos melydipetbybyorsans. AMBEHIPIA
of the present invention conprises about 5 ppmof a_ =
embodimens of the presbztseekntionepinptisdsiabont § ppm ofe silighp-pessifprgn enbiibitor in
conposition. [0061] Sone of the above-nentioned
the lubricati@ @iltdouPositian. provide a nultiplicity of effects. Thus
for exanple, a single additive my act as a

[0061] L ROEF ﬁ@%ﬁo@m}@ﬁﬂidnc@%d@ﬁv@@‘%a%ﬁ:&bﬂﬂe b ARk of Mibdts - Thus

unctional additives are we nown in the art.

0062] The. | ubrj i DG: Lt f -
o 3870 TS 06704 0RO Ay o PERRRC

. formulation is typically carried out continuously at
functional a@ﬁ‘é‘vﬁﬂﬁ‘l‘i’t"?’e\;@“ﬁ’&ﬁ'&ﬁé@i Yting plant or blend facility.

Alternatively, the corgosi tions can be formul _ée in

[0062]  Ehckbiicaumelconippsitinanel thy Reeseld ipeREAR ?eépﬂ?ﬂéteg Jinpya
conposition are weighed individually on a scale and

methods. Taddeehulsicans sypicatly cofricdase caitinupwsln atthe addifi v fenelgcturing
stainless steel kettle at or above anbi ent

plant or bleh@FRAMAL WlBmawldlh, e bompagtiondhan ba fharmgehmausmi-works by
m xture is achieved, the base lubricating is

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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added gradually, with continuous stirring. The result
. is the final lubricating oil conposition, whichis

t hen packaged and shipped to point of use. At the

poi nt of use, the gas engine or the crankcase of a

S npressor is drained .and.then.refilled. with the

100631 P FIEREIAGOGF SXeAR B ARy MR iyt

[0063] Oten all the additives, except for the i
concentrate o addbii« ackest thaids subseauantls hiraded Hiebase siaskée Rk figished

or additive package that is subsequently blended into
lubricant. Usa®é swihaokcdmratmiecdrivantiimatiand wll keam.. Thiseongéntsaigstare

concentrates is conventional and well known. The
formulated ©UIEEN hatB8itideLin fropeFabdueR sbas eoprotide thddeshedlcdricemsation

I n proper anpbunts so as to provide the desired

in the final ﬁ%ﬁﬁﬂ%ﬁ HhbRthe éoﬂﬁ%ﬂﬁ%tef dl's \?M&Lnbfn%fl R hiefe g Red &Bount of base

concentrate I's conbi ne h a predeterm ned anount

. of hase. oils.,, The concent.rate . r ef : i

ois. The eQsel o8 SRPN TAES et o BeSuP bR RaIRIE (.8 Patent
No. 4,938,880. [0064] The present invention provides

No. 4,938,880.net hod of inhibiting the formation of enmulsions in
a natural gas dehydrator and _other downstreamfield .

[0064]  Preomessst myemtiohprowideny method; of dnhipiging tie fopaptsmgd sgpdsions in a
and the engines powering the conpressors with a

natural gas ddhytiat@tand @tiedr dooaspasi fiéldproceesimy mechines by Inbiigiting the
amount of a base oil of lubricating viscosity; one

compressor®ind ME EnSBELHAAH % the BSmPressTRy Wit hS@lcanng 6il copesiion
more anttoxidant, one or nore anti-wear agents, and

comprisin one or nore denulsifiers in an anbunt sufficient to
PUSIES nhibit the formation of enulsions in the natura

gas deh dratQB? nd of&ﬁﬁbdo strggﬂﬁgield processi ng

madfndaisamount of a base o1 ricating vis

one or more detergents,

one or more dispersants,

one or more antioxidant,

one or more anti-wear agents, and

one or more 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 point depressant, and the like.
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[ 0065] The lubricating oil conposition may al so
conprise one or nore suitable additives selected
from a friction nodifier, a viscosity index

i mprover, a foaminhibitor, a rust/corrosion

Inhi bitor, .a pour. point depressapt, and.the |ike. 2

(0066} Eiiemn b e o BRI RO Gl segnciog i el 87
emul si ons" neans reducing the | evel of enulsjons or

emulsions oz sppplstady gliminating the fagnatipa af smplsiensrin sertaimmashisss i n
certain machine conpartnents and vessels. [0067] The

compartmentpwedvéseeiswi | | be further understood by referencing
the followi ng exanples, which are not to be

[0067]  TRISVEMRE vASl Hel fliitha@tunders@lbodibly SeRfdpig MBS examples,
[0068] The follow ng exanples are provided to

which are nbt foRlchiFuch3E LRI ERCHbr IREBRLT on W thout - 1 m ti ng
I't. et

e present 1 nvention has been descri bed
with reference to speql f{ odi nents, this
application is inten3§%£$i?yg%ggnpass t hose vari ous
changes and substitutio t hat be nmade by those

0068] Ehg folleina FreRploare HOvHBALo HEBE?%TW&HWH@%‘W&‘?%W
and scope of the appended clains. Exanple 1 [0069]

limiting it. Whiks the preder inwemiop haphaen desanibed ssthagter@ce Hrsagridicng
capabilities according to the nodified,

embodimentQVIBE applicaesrsais intendeelrts iepcomfasatiesanaand cCASERS Did wubstitutions
test. The conponents of Gls A and B are listed in

that may be tRfle® thoRnilRd ih W%ﬁtﬁ@h)ﬂbﬂaﬁﬁbg @rof thEkspirifand scope of the
Conponents Concentration in the Concentration in the

a emkdcfhﬁéShed Ol Concentrate Low overbased sul fonate
PP delsrgent 8.50 wt. % 3.00 M (0.51 wt. %

Example 1

[0069] Oils A and B were prepared and tested for demulsing capabilities according to the
modified, 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  (0.51 wt.%)
Overbased & sulfurized calcium 17.99 wt.% 25.0 mM  (1.08 wt.%)
phenate detergent _ _ '
Zinc dithiophosphate antiwear agent | 6.26 wt.% 4.50 mM " (0.38 wi.%)
Bissucinimide dispersant 45.83 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 01l wt.% to bring the total to 100 wt.%
" See Table 3
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Over based & sul furized cal cium 17.99 w.% 25.0 nV
(1.08 wt.9% phenate detergent Zinc dithiophosphate
antiwear agent 6.26 wt.%4.50 nM (0.38 wt. %

Bi ssuci ni m de di spersant 49.83 wt.% 3.00 wt.%

2,6-Di-tert-butyl-p-cresol 12. .9 9
[0070]  Gieh epriceniFaic 4 wikipiadiash @ﬁ@ewﬁ%&f&ﬁﬁgﬁ SRSt wesin
Various anmounts Various amounts Diluent Ol wt.%to
finished oilpniphgsphhmistcottght ¢fmbo0o0).4 Wide ((BiSevicyolin fnished eilh pisagur
the total to 100 wt.% See Table 3 26 [0070] GI A
content of 2BORCETE WaYE0NaSvEresh inahed od) bnd @ BT about &5® Jthaverious
8.5 WM.%(0.51 m.%in finished oil), a phosphorus

amounts of ﬁ%glﬁﬁferso\gv?x@ Badtd © 3 AMindedBesBIriiNg adfeinits bf dil@Resil (to the
ol l'), a sulfur content of about 1.76 w.% (0.11 w.%

{n_finished pil), f 49. hri
concniae o i SR f koG S P ao O By D oo
and correspondi ng, anmoun of ,, di luent oil (to the
amount Ofté%h@élﬁ%tfn&%l)coé‘?‘ﬁ?%ﬁg’%‘ét(b’(ﬁo Y"[%’t he fi ni shet(j oil) were

al so added to the mxture to bring the total anount

of the lubricating ofpble@aBtions to 100 wt. %
Table 2. Ol B Conponents Concentration in the

ComponentOncent r at i on | identégrafioninsthed Q | upadration iethe Finished Oil

Bi ssucci ni m de Gamhdmsge di sper sant |33. 48 wt . % 2. 648
BissuccinimidabshiGslddperavter hasesl swutfonate deterdent 4. 3% wt__% 2 Q0
Low overbased b {ofat38tengent 9| 4.31 wt.% 2.00  mM (034 wt.%)
Overbased & sulfurized calcium 37.55 wt.% 31.5 mM  (2.97 wt.%)
phenate detergent _
Zinc dithiophosphate antiwear agent | 4.84 wt.% ' 4.50 mM  (0.38 wt.%)
Hindered phenolic propionate ester | 9.20 wt.% 0.728 wt.%
antioxidant
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 10 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 comi-aositions 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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Overbased & sulfurized calcium37.55 wt.% 31.5 nM
(2.97 vt %9 phenate detergent Zinc dithi ophosphate
antiwear agent 4.84 wt.% 4.50 nmM (0.38 w.%

Hi ndered phenolic propionate ester 9.20 wt.%0.728

wt . % anti oxidant . Silicon based f.oam i.nhi bitor, 0.3
1,500 rpm. \jihe dg sl agpunis of gBw sy PedErgieddh TR el ot 50
Vari ous anounts Various amounts Diluent Gl w.%to

mmutes. pring the total to 100 wt.% Base G| wt.%to bring

the total to 100 wt.% See Tables 3, 4, and 5 [0071]
[0073] Thd reRilcaifclendenatigbiiap teatsand fuateaizdhin dableént of about

6.4 Wm.%(0.51 m.%in finished oil), a phosphorus

content of about O0.3527whle% (0.03 Wwt.% in finished

9i|), a sulfur content of about 2.609 to 3.125 wt. %
Samples 0+ ¢4 10 U2y T TT AL dloss far) O BmulRibi (dif) 20! ¥ a8d/Fail Scores
Oil A + no defdnddFe £. 007 .70 (Uljlgp WL 70T T Tirtggr shea o1 1), @ina a
0l A +0.25 WwiBNiRiIs@ROUt 456. Varijoyys anmounts |af denul si fi grrddihEfail
0il B+ 0.1 widdla@disieo OllazB, and |cmrrespondi g anmounts of |diokddeing pass
0il B + 0.25 va®4 defbigifitrhe [@oncent r at#) and basgq wil (to the | Pass

1 H

Hat-shed—oiH)—were—at-so—added—tobring—the-total
amount of the lubricating oil conpositions to 100
Ww.% [0072] The denmulsibility tests were perforned
Example2 3t 24C with one part of 40 ml of distilled water and
anot her part of 40 mM of the oil sanples. The oil and
Qe Bewasised i s evenwls t Comparedto Egample 3@boypan infpiebrine
| evel s or anpbunts of enulsion were reported at 5
solution ratiigr Miwnelistillcd rvddrsvdsanix30 withi thetbi samples before testing. The brine

[0074]

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 (m]l) | Aqueous (ml) | Emulsion (ml) | Time to stable
separation
0Oil B + 0.25 wt.% demulsifier | 55 25 0 60 min '
Oil B + 0.50 wt.% demulsifier | 56 24 0 5 min
Oil B + 0.75 wt.% demulsifier | 38 22 0 5 min
Qil B + 1.0 wt.% demulsifier 54 26 0 5 min
Oil B + no demulsifier 0 0 80 > 60 min

Example 3

[0075] 0il 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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[0073] The results of the demulsibility tests are
sunmari zed in Table 3: Table 3 Sanples Gl ni
Aqueous (m ) Emulsion (m) Pass/ Fail Scores QI A+
no denulsifier 0 O 80 Faill A+ 0.25 wt. %

denmul sifier 43 37OBo&gh$nefall al B+01vvt %
denul sifier 42 38 0 Bord ne pass QI B + 0.25

wt. % demul sifier 40 40 0 Pass Fynnmlp 2 [0074] G |-B

Samples was used i n|Ohk s PMH?H“@ lﬂ;@“lﬁlgp@a])to E _)’i[‘éwﬁpcéstzlble separatmn
above, an inkmb by (mb lution rather !than distilled

Oil B + 0.2¢vat % denpwdsdfierrl Xed wi £h the d 1 sanples bef"'SF‘é] testing.
0115*”%*)@1?’1“\*@” sof uti oF? was erpl oyed to si rnimg'ﬂ e the
Oil B +0.75ut ‘Fm”éibfi“?b( ignts| 88 the |epul sions in the

OilB + 1.0 .
i qual’y ol unesiafi b heashel NeneldiritoReanthut
OilB +no ?%él Sb'lmi sarrpl eg wer éym xe‘caP':iffEf)‘hIt fime td dﬁ@ﬁf@e@agse

ocpai’atl 6t—wWas atso-recorded. —The Tesutts are

summari zed in Table 4. Table 4 Sanples G| (m)
Aqueous (m) Emulsion (mM) Tinme to stable separation
Gl B+ 0.25 wt.%denmulsifier 55 25 0 60 mn Ol B +
0.50 wt. % denul sifier 56 24 0 5 mn GOl B + 0.75
wt.%denmul sifier 58 22 0 5 min Ol B+ 1.0 wt.%
denmul sifier 54 26 0 5 min GOl B + no demulsifier 0 0
80 > 60 mn Exanple 3 [0075] Gl B was used in this
exanpl e. Conpared to Exanpl e 2 above, rather than

usi ng
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equal vol unes of brine solution and oil, a 70-m
brine solution and a 10-nml oil sanple were mxed to
nore closely simulate the typical brine-conpressor
WHAT I CLAOMEENIS:at i ons in the dehydrators and ot her
downst ream conponents. The results are summari zed in

. b iAebinAp! eiRhest Enbisday eousli | &dsteBar(t ndehydrator
L ARG gfélt%g%ﬁ’g‘gstg%g?ati oh ) B@To. 25 wt.%
comprisitlg aHrwhfin@onel B&eEaF Bompiessody andpatury gapenginaythat power the one.

denul sifier 18 .62 0 40.m n Ll B+ 0.75 w.% ' i
or more eIRRIESTOFS With 4 bé@a%n%owwnp%ﬁ%mé’oﬁp?gﬁém %

demul sifier 13 67 0 5 min Gl B + no dermulsifier - 53

- 27 Difficult to measure Phase separation exists but

di f f {ad alnbajoremimtng of a beseWiinTl lSiqting WRDSILS: 1. A

nmet hod of inhibiting the formation of enulsions in a

i quiy) oRe o merddeteigbiner at or  conprising | ubricating
one of nore gas conpressors and natural gas engi nes

t hat L& & L FOre conpressors with a
rsants, | . , e .
| ubr ngﬁ?érg oﬁ glgerrpo& tion conprising: (a) a ngjor
am)ugcb of a base tOi . o{s | ubricating viscosity, (b)
one ©P HEPEMEET BRI, () one or nore di spersants,
(d) one or nore antioxidants, (e) one or nore
ant i Qo8¢ OREOR? anti-yiear agents, and ,
(f) one or more demulsifiers in an amount effective to remove or reduce the
.formation of emulsions in the dehydrator, -
wherein the com'pressoré and the engines that power those compressors are situated
upsfreaﬁm from the dehydrator in a natural gas processing system. R
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, co-lor 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

oil compositibn i from about 0.1 to about 1.0 wt.%, based on the total weight of the lubricating

oil composition.



(f) one or nore denulsifiers in an anmount effective
to renove or reduce the formation of enulsions in
~the dehydrator, wherein the conpressors and the
engi nes that power those conpressors are situated
5. Thesheteahoffangme béthgencddiag otaiing, whareinwnaor gwse demulsifiers are of
prqcessi ng system 2. The nmethod of claim1, wherein
the low-A% Y435P; cat i ng oi | conposition further conprises one
or. nore of viscosity index inprovers, corrosion
inhibitors, lube oil flowinprovers, rust inhibitors,
6. Teunetisl oftangope efslam & fo Arwhertiodhs erfeerimoresiempulsifiers are of the
swel] lants, friction nodifiers, extrene-pressure
ashles,Yizighs, col or stabilizers, wetting agents,
bactericides, and additive solubilizers. 3. The
-~ method of claiml or claim2, wherein the anount of
7. Theenathodnfickrimemherdin theong ot trose aghigsp femmplshigree selected from

.. _conposi.tion is.fro i 1. _ 0 Is. and
ivor TR MAnlge TP By byt R eR, Rt fne sycots an
polyall§@RQSydol 8dtivafivestThe met hod of claim 3, wherein the

anmount™ of one or nore demulsifiers in the lubricating

oi | conposition is fromabout 0.1 to about 1.0 wt.%

s TR e M R oo

any one o
precedi ng cl ai ns, wherein one or nore denulsifiers

f the -I h iety. 6. Th th f
9. TZJ@ gleghod@f@;elﬁpgg 3%332 ,prq\;/g%éi:ng ickai ﬁew}&ﬁﬁ%nge ﬁ%@%wﬁg%elected from

' i YRKib&kNs, chlcikR@onylphenol
i S D54 0 A5 st o, ooy

ai ‘nore ashl ess
sulfideslewhibsi dil-eilsblaphermeds cashleds dil-solublei sulfogesl mhenates. ni ng

phosp}%&n@%}sz%, bg;@ﬁggg%ﬁg g(fzjﬁ%_ Cn%gt (Igpnh%%p%%s er%,:rf)%%l: rlo%arbamates, oil
soluble]dc‘e?%g%’lactgh%%g?d@ and RRindEdhRshial cshpbindé, Wwherein at |

the demulsifiers is a polyal kyl ene
gl ycol .
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 dispersént 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.

7173. The rhethdd 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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9. The nethod of any one of the preceding clains,
wherein the antioxidant is selected from hindered
phenol s, alkaline earth netal salts of

al kyl phenol t hi oesters, cal ci um nonyl phenol sulfi des,
ashl ess oil -sol ubl e phenates, ashless ojl-sol uble

15. Thsubéthed pEdlajshdiatdsrein Breaspieestirpaiant sdnom Tppyhof gt 2 to 4
o . AYArocar hons,. . est. I
wei b e R e R, ounds, and
am no-cont ai ni ng conpounds. 10. The net hod of anyone

of the preceding clains, erej n the antiwear  agent. )
16.  Thesmgthod ofy@ivo©aF L thei RRFGHI0 SIoHRD eV IEEAy thg oty is a metal

T Hfd of any one of the preceding clains,
Conwnnﬁggggﬁ% fhe dispersant is ashless. 12. The net hod of
claim1ll, wherein the ashless dispersant is selected

fromthe gil solyble salts, esters,. amno.e r
17, Themae oipimels, Waoe e b ong e el e Ry e S0 Eon
substituted nono-and dicarboxylic acids or their
anhydri des; thiocarboxyl ate derivatives of |ong-chain
18. Theynetbahohdaisy 17 owhereinghe ovsrbiased anrdiad rrontaininmgetgggent 1s a salt of an
. attached | yam,ne, and Manni ch. condensation .
Mkdlmﬁ@ﬁ@ﬁ%?@?g%3¥w¥ﬂe met hod of claim 12, wherein the
ashl ess dispersant is bissuccinimde. 14. The net hod
of claim 11, wherein the ashless dispersant_is jn ap
19. Themethed of amboue of clayms 2 el Sysvhscsisy therfopmankigigy s a silicon-based
f ih%@% ht of the lubricating oil conposition. 31 15. The
oam ¥fod of claim 14, wherein the ashl ess dispersant is
in an anount of about 2 to 4 w.% based on the total
~weight of the lubricating oil conmposition. 16. The
nmet hod of any one of the preceding clains, wherein
the detergent is a netal- containing detergent. 17.
The net hod of claim 16, wherein the netal -containing
detergent is overbased. 18. The nethod of claim 17,
wherei n the overbased netal -containing detergent is a
salt of an
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al kali or an alkaline earth netal. 19. The net hod of

any one of clains 2 to 18, wherein the foam i nhibitor
is a silicon-based foaminhibitor. 32 METHOD OF |
DEMULSI NG A NATURAL GAS DEHYDRATOR ABSTRACT Provi ded
is a nmethod of inhibiting the formati on of enul sions

in a natural gas dehydrator I ubrl catl ng t he

upst ream corrpr es %g% Tto%
| ubri ¢t il %ﬁﬁg‘r rha an e |ve anDun
one or. nDre denmul si fi |ded |s al so a. net hod
of | ubricating the ﬁ%ﬂ%‘é@zomr essors and natural
engines with the sane sition
Provided is ggn t}gcmg @l mhlgmn@)thggxma%on 019 emulsxog?gl a naturalg gas(Jt]agydrator by
- lubricating the upstream compressors and natural gas engmes with a lubricating oil comprising

an effective amount of one or more demulsifiers. Provided is also a method of lubricating the

upstream compressors and natural gas engines with the same oil compositions.

(no suitable figur_e)



