. DEFGe3e8m 8] 4@T, CWDO 00/50540 1 CRUDE O L DESALTI NG VETHOD s W&FHGB OF
‘THE | NVENTI ON The invention is related to chenical demulsifier 26

formul ati ons useful in desalting heavy or waxy crude oils. The invention is
“al so rel at W@ @&t hods for m xing crude oil and chem cal deGETNUSOFG4EHRI
formul ati ons. BACKGROUND Crude oil contains varying anmounts of inorgapic
salts. The presence of such salts presentsldiffculti es during crude oil

processi ng such as corrosion of the oil processing equi pnent. |
mtigate the effects of corrosion resulting fromthe presence mwm@% m"“um“
i s advantageous to reduce theR$ADE QENEEYARTING METHEDr ange of 3.10,5 ppm
by wei ght of the crude oil. This concentration corresponds to approximately

2 pounds of inorganic salts per 1,000 barrels of crude oil. Anp

oil desalting nethods in use today, electrostatic desalting is ﬂmlﬁmﬂmwmmmﬂ“‘
used with cr%@MﬁMﬂQ&Z%mter. Wash water is adde | e
crude's water content is in the range of 4 to 8 vol.% and a chemni caf®™®

emul sion breaker is added so that the oil and the aqueous phases can be
separated and di vert ed Therinvenstomyis related to phemisabdemsulstagr fagmulagignperein, a

crude oil enmulsion i,s a.stable mxture of cru oi | and a suspen aqueous
ohase, “whi oh unet Budssaling Ao Moy Gprda Sl Hhe vsationgs AL BFATeRfo
occurring su @dsaﬁ i”m-”“ i . } 1di 1. 1y,

i norganic fi nﬂéégﬁsuc E.as céémgg;&?fédégﬁ%@ﬁ%g%ﬁ#%?éu [0 'edrru g‘i on
stabilization. Dispersing added wash water into the crude increases both

t he average ﬁg@k @tﬁ(ﬁgr density and the droplet surface area avail abl e
for binding H%mcti ve components. |ncreasing ~ 6 MAR 2003 WO

001 50540 PCT/ US00/ 04999 -2 droplet surface area results in a reduction in

dropl et coverage by th 1 91'181?' gm o F N t 9Hen @
decrease in emul sion ;Fﬁﬁ?;ﬂﬁgﬁgﬁﬁ I"NcT eastagﬂ'%n?fdfrl{;)? etce%agégl Zygepce. I n
el ectrostati Er&_&ﬂﬁ@ﬁsm,sahﬁ iphesedltsofiffibaltied dufifg Ghideldit pficegsitig eucti 4s wash
wat er, and chem cal enul sion breaker coal esce in between el ectrodes | ocated
in the oil phomesiomiof theeil processing eamupment pinairden toamitigate the ¢figctswof he

ol eagi nous crude ,0il phase, The separatio y. poccur in a separator, where
an effluent BPAORFSsulEng Eemy .P"Fﬁﬁ*&iee‘?fn 1 lageqys & epdyce the

i norgani ¢ sa 0 € r . 1 :

| nt er medi at ek‘gggi\),écghﬁ'gﬁéﬁg? Fﬂcpl{%lgg%mt%t%Bﬁg’rt}yn‘gg@g%&?eg&é@e(&Elldegp? abl e
"rag" layer goneRhtration carrespuilds t@'aPp?@ﬁﬁfatélW' poudids dff ncrehhidsaltd per r ag

| ayer remain in the desalter vessel or it nay ‘be renoved therefromfor
storage or f ly0ORdameinefendegil. El ectrostatic desalting may undesirably
requi re addi ng a substanti al anmount of wash water to the crude prior to
desalting. Frequently, water nust be purchased for this purpose. Another

o T uent brines o hliang ERRAd O deSinb Sndh o inlc IBRY, docrREugual 11
e ! ; L ( _ _ et g
i scharge Caéﬂ:ilgi#%ngigggd %ﬂﬁcm&?fcsﬁﬁg%ﬂsgéiﬂd 2,098@}.t Wushivkrde

crude i nconpat ormation o rabl e emul si ons. For

exanpl e, el eistadded ahtit tikarale's natereswitent 99 ehetiahfie ofiito @sveal. %y antba s
concentration of asphal tenes, resins, waxes, and napthenic acids (i.e.,
"heavy" or "oksmicalemulsion breakerds addedag thatythe oil andithe aguequs-phase

boundary al so result in.pro sing difficylties that heco nor.e seri,Qus as
t he emul si onst}?e?éﬁignérﬂr‘@f@agﬁf étogng %J. sségrqqqsgpg.e%s us%%émmﬁ 368ewo

00150540 -3 4j} emulsion is a stable mixture of crude oil and a suspended aqueous phase,

which may be in the form of droplets stabilized by naturally occurring surface
active compounds in the crude oil. Additionally, inorganic fines such as clay
particles can contribute to emulsion stabilization. Dispersing added wash water
into the crude increases both the average droplet number density and the dropiet

surface area available for binding the surface active components. Increasing



. PCT/ USO0/ 04999 Consequently, there is a need for a crude oil desal iﬁin@eﬂm’ﬂ
nmethod that limts the formati on of undesirable emul sions, is effa M

wi th heavy crudes, that mnimzes the quantity of d
prior to cmgw rae%zlt ment, and that mnimzes the quantity o%éﬁspﬂg‘ﬂ%

bri ne. SUMVARY OF THE | NVENTION I n one enhodi nent, the invention is a crude
oil desalting process conprising: (a) addizng to the crude oil a chem cal
dermul sifier forrmulation, the chem cal demulsifier formul ation being present
in an anount ranging fromabout 1 ppmto about 1,000 ppm based on the

vei ght of t hdraplerkirfice;arédesalielima re@sdtiondh deoplet EhRrage B tid durfand

chem cal denulsifier fornmulation in an anmount ranging fromabout 0.5 vol. %
to about 3. Oactive éompomesitsichistriesultsin adedreasetinrendsiad deabilityeand e increase
concentration of the brine in the crude oil is greater than about 3.0

vol . % al | vl dmpieticeglaseense. on the total vol ume of the crude oil; and (c)
separating the brine fromthe crude oil and chem cal demulsifier

formul ation. In another enbodi nent, the invention is a nmethod for renoving

ixing the crude of | alkeltERTaRe SR, hrine FoRE A we Rk it
from about 26 Jwashlwafer, irY cﬁeﬂﬂdﬁ?e%ﬂ‘gﬁ%%oaﬁcé MW]%WSSOSAO

PCTI US00/ 04999 -4about 1 m nute to ours, an a viscosity

rangi ng fr onlozhtedtinthe Qiltphasé o TheZodlestrd squebds dréplets ehdresettle tbefowthere i nto
droplets, and then (b) separating the brine droplets fromthe crude oil.
DETAI LED DEstampmcmdﬂmEphmﬂﬁhmmmmey\ poeur ing fepsratonwhergan

di scovery th bripne droplet coal escence in crude oil be .enhanced by
addi ng cheni “CEFTBT‘@? Viberamgved; ol repted cqntmngpgjf-gﬁnm IBOI8aB% i ng t he

crude oil a ] sgd- 1, X1 Qr hy  Tvpi gall '
droplets i nn%lﬁ&gp%l{’g%fgg& %giqdpggg%éf%ﬁwqg}'optﬁqajﬁg ‘%?EYV?%H’%
conmponent s , rﬂ{bt)‘;]fgs i =Yal)| i i t hat
are el ectroz(%ig illg%tzly?(ggeubnd to tEgpgﬁgg?%?gpﬁsur?alca’g.ep%%ﬂgﬁﬂg(ﬁ)l%ﬁggltes
provi de an icil-avdtercemlsion mdselidst MEhdoraprigyedreilagd i the Wekalog vessdliglit y
elastic collisions between droplets during processing, resulting in

di mi ni shed dnaybsiremoxed shesefrom fagistaragaer fusthen presessing. be practiced with
any crude oil containing a brine, it is preferably practiced with heavy or
waxy crude oils. Heavy or waxy

Electrostatic desalting may undesirably require adding a substantial
amount of wash water to the crude prior to desalting. Frequently, water must be
purchased for this purpose. Another difficulty in electrostatic desalting results
from the quantity and quality of effluent brine, which itself may require further

processing before discharge.

Other problems associated with electrostatic desalting include
crude incompatibility and the formation of undesirable emulsions. For example,
electrostatic desalting becomes more difficult as a crude's concentration of
asphaltenes, resins, waxes, and napthenic acids (i.e., "heavy" or "waxy" crudes)
increases. Rag layers at the water-oil phase boundary also result in processing
difficulties that become more serious as the emulsion becomes more stable or

Increases in size.



. crude oils have one or nore of the follow ng characteristics: (a) E]fj &i{)mi)e
oil has an APl gravity ranging fromabout 5 to about 30. (b) The c @

has a hig nic acid concentration, characterized by ' PRVANE
nunber (t%awx)élbér%ﬁnber represents the nunber of mlliequi va'fcglrzﬂt,%%fg-%

pot assi um hydroxi de required to neutralize 1 gramof crude oil). "'~ 6
MAR 1003 WO 00/50540 -5 PCT/ US00/ 04999 (t) "The fraction of the crude oil
soluble in N heptane ranges fromabout 0.5 wt.%to about 15 wt.% Addi ng
water to the crude can decrease the anount of the surface active conponents
on the surface of eachCdnsgjuenhtipctheresis atrieedrforaerudd oifldesdltng methodthatased
W t hout increasing conponent concentration. It has been discovered that the
amount of adiaifs ke formasioncef yndesigahie emulsjons,yis sfeetive withditavy andavay a

chem cal enul si,on-pbreaker .,to {he crude that is_ capable of displacin he
surface act|Sudes s mmimizesshe guantdyof svaten addadspragrdorcrude E’Gg‘j"l"d{’ﬂi t he

crude oil t ont r.9l.l ed.,m xi n 1 cal, enul si on-breakers useful in the
i nvention hgggt @Mﬂﬁb‘l%"gy &“3&8&%‘ %'a hydr ophi I i ¢ head group.
Preferably, the emul sion breaker has the fornula: OH 10 (~ )_ OH (po)y OH
~0)y wherein Eis (CH2-CH2), Pis (CH2-CH), CH3

SUMMARY OF THE INVENTION

In one embodiment, the invention is a crude oil desalting process

comprising;:

(a) adding to the crude oil a chemical demulsifier formulation,
the chemical demulsifier formulation being present in an amount ranging
from about 1 ppm to about 1,000 ppm based on the weight of the crude
oil;

(b) adding wash water to the crude oil and chemical demulsifier
formulation in an amount ranging from about 0.5 vol.% to about 3.0
vol.%, provided that no wash water is added when the concentration of
the brine in the crude oil is greater than about 3.0 vol.%, all vol.% being
based on the total volume of the crude oil; and

(c) separating the brine from the crude oil and chemical

demulsifier formulation.

In another embodiment, the invention is a method for removing a

brine of salt and water from a crude oil, the method comprising:

(a) mixing the crude oil under opposed-flow conditions at a

temperature ranging from about 20°C to 150°C, for a time ranging from



.W0 00i sos40 -6 ~ 6 MAR 20D3 PCT/ US00/ 04999 x ranges from1 to 5, y ranges
from0O to 2, and Ris an al kyl group having 4 to 9 carbon atons, ?B(MAR 2003
ranges frowm@odssd. Preferably, the chem cal emul sion-breakeeThSodeede i N
“conbination with a delivery solvent. Delivery solvents useful in the
practice of this invention include a high aromaticity solvent such as

tol uene, xylene, and high aromatic condensates such as heavy aromatic
napht ha i n conbi nati on with an oxygenated sol vent such as diethyl ene
monobutyl ether or benzyl al cohol: The preferred fornulation conprises
about 10 wt.%to about 1 ®dnute teraboat50dioussnandiatia viseesityrranging fromzbaut % t o
about 75 wt. % di et hyl ene gl ycol npno butyl ether nd about 5 w.%to about
15 wt . % heavy aro&eﬁ%@ﬁ%ﬁéﬁg.cmqfﬁbﬂhw esceether 1t é’@!ﬁ‘m&&ﬁ of
1 % chem cal emnul sion-breaker, 50 w. % di et hyl ene gl ycol nono butyl ether,
and 5 wt. % heavy aromatjc naphtha ("HAN'). An effectjve amoynt of the
chenmi cal enul si on- breal(t)- a@armg/ﬂyobmdroméﬁtmﬁcam%cr(udem cal

dermul sifier forrmulation") is conmbined with the crude oil. An effective
anount of the formulation is the anbunt necessary to displace the surface
active como%ﬂmﬁgggﬁﬁ —p@ﬁrgplﬁlrﬁ @ﬁﬁ«ﬁéﬁ the brine droplets nore
anenabl e to X s fromabout 1 ppmto
about 1,000 ppm based on the weight of the crude oil, with about 20 to
about 40 ppm being preferred. In a preferred enbodi nent, a crude oiland a
chemi cal demul sifier fdheihedrition i3based ohithedissodetynthat bidnaldtopdetunder

el ectrostatic desalting conditions. Electrostatic desalting is known to

t hose ski | | egoalascenee im erusie ail caneboenhancedbysadding sbewical egiujsion heeakersie i s
desalted in essel, having el ectr.odes at potentials, ranging fr about
10,000 vol t st BEaude ol smsiop,futjectng theirugs il 4y bRk PERAERHION ! es ent
in the vessel.:{a809 - \LO Loch - . .

00/ 50540 PCT/ 761, b8 Filbly. iR UsopLetcts LR Jif %’rceﬁ%t?gbé#ﬁybgtgqglxm
potential rasfiiitade fivel@riponeitsisucBRiS WaxesOfphadehes, Reding, Aal naphtlitnie |
tenperature ranges 220F to about 300F, and residence tines range from about
1 to about 6acids thatase electrbstatically bound toothetdropleds'sbrface. 1Such compenents
Advant ageousl y, . m xi ng ene{pgﬁ may be applied to the m xture of crude oil

enul si on andPEoYigg amintedacipEfibm over thenbmng droplstresuliiag 1p highly elastie brine
dropl et coal esgence,rat e. en m,xi.ng i s used, it.i.s inportant.t.o garefully
control m Xi f‘@ 6‘88%’9&5%&%9?% HB"E&@FWSSWﬁer‘?ﬁ“}(%"%W%HE%MF{ onal
("static") OEO%&%QﬁEQ‘HOW’ and may occur in the sane vessel as

el ectrostatic desalting. In opposed-flow nixing, two or nore
counter-currents of the m xture of crude oil enulsion and chem cal

denul si fier inpact andyiemeiiftmion RROSEHRHOEE Wit Ay ciude ¥l Gintaiditch
opposed jet (or nozzle) configurations are nonlinuting  exanpl es of
opposed- f | ova brine,ngis preferablyopractiestt withiisdahvyg for yeaxetnide odls. Heavy drweaxy
counter-rotating propellers are inmersed in the crude oil-brine mxture in
order to foré¢rudepdsdaveonearmmaretofithe folbowingtohasactensticst r eans of the

m xture inpact and intermngle in the volune between the propellers. The
propellers may be in close proximty in the same reservoir or vessel, in

diff [ f I ' . I [
W th baif1es or i pes DoV styoR andiascinh PLERRAB LPGRETRaR ot 82T 0205

to a region wher gppaped-fl ow m xi ng can occur. Paraneters such as
propel | er spacing, propeller angular speed, and the nature of any
conducting nmeans may be determ ned by those skilled in the art of m xing

fromm xture properties such as viscosity and the desired m xing energy.
The crude oil has a high naphthenic acid concentration,

characterized by a high "TAN" number (the TAN number represents the

number of milliequivalents of potassium hydroxide required to neutralize

1 gram of crude oil).



.17 WD 0Q150540 2 s May zoa3d PCTIUSO0/ Q4999 g In the opposed jet 963%ﬁ%ﬁ%mm
the crude oil-brine mxture is separated into at | east two streans.
Conduct i ngyvgeaBegspuch as pipes are used to direct the streapgTﬂjﬁ%?
“opposed-flow configuration. Accordingly, the |ongitudinal axes ? axes in
the direction of flow) and the outlets of the pipes are oriented so that
the streans inpact and intermx in a reglén bet ween the outlets.

Preferably, two opposed pipes are enployed and the angl e subtended by the

| ongi tudi nal axes of the pipes is about 180. The outlets nay be in the form
of nozzles or jets. As(t)n Thofacppnoéthocnpt éibsolgblenmtNsheptaneaapgesrfrorsuch
as the - surface area of the conduits, the flowrate of the mxture in the
conduits, the siz&on§. %Hép/et@ﬁbaﬁﬂllﬁlbﬁz%e or jet enployed, and the

di stance between the outlets nmay be determ ned by those skilled in the art
of mxing frommxture properties such as nixture viscosity and the desired

mxing enery. | mport gy WHGR YN B iresb OB SPRE RS © 1

controlled in a range €SCENCe occurs eat a
m xi ng ener gactfve%hiopweﬂtsbdﬂ e dirPRlesdf éa(:ﬁadingmt baaﬁs& ‘ﬂﬁh haitiber 6 dioplets
energy results in too few brine droplet collisions. | e the exact range

of m xing eneingreasedewithont idereasihg émnp@mmrrﬂoﬂccmﬁdme It haseen dissovered
viscosity, mxing energy rate (m xing r) will typically range from
about 0.1 hphpethe sopmniofiadded ovatcmead%dtforeie@alnnguwbﬂnu@mm by adérd

1000 gal | onae shsBiiealcerulRiposBreakebs ths Grud s ihganabl 6f GlRcitE Pange.
about  20¢ t SR aLRuEbaE R YRR e Buls OBl RS @ﬁi%ﬁgé?"?&%%r P

Preferably,(ﬁlﬁ;gﬁﬁ"nﬁﬂgﬁbghgie ranges from about 80C to about 130C and

vi scosity ranges from about to about 75 cP. Care should al so be taken to
prevent undesirabl e water vaporization during mxing. Water vaporization
can be substantially rehfirgl emulien-Dréfetrs iséfr it ifverifion Raved essur e.

Z 6 MAR 2003 wo 00i sos4o0 PCTIUSCCIO4999 _g_ In sone cases, it may be

desi r abl e t chyaltophobietail groaipl amabha hptrophilie hleadvatomp. tRreferebly; thteeroilsiopr i ne
m xture in gﬁder to optlnlz t he coal escence rate and to extract salt that
is not pres gakes has the &se. Wien used, the anpbunt of added wash water
ranges from about 0.5 to about 3.0 vol.% water based on the total volune of
the crude oil, i.e., far less than is used in conventional desalting.
General |y, no added wash wat epH s usedOMien bri nf@Hi s at |east 3.0 vol.%
While not wishing to be bound|by any theory, it Is believed that efficient
bri ne dropl et coal escence oc when plet ﬁ&l {sion frequency is

i ncreased and when i ndi vi dua dgbplets cay be yto collide with an
energy great enough to overco*e the drgplets' inferfacial or surface
tension so that a |arger droﬂﬂE& is fqE®d upon lision. Inportantly,

m xi ng energy shoul d not exce¢d”t he poilnt®*at whi fh*two droplets collide to

produce three or nore droplet Furt hepnore, m \ng ener gy shoul d be

sufficient so that the droplers do not jnerely coflide and recoil away from
each other w thout coal escingl aggfoul d hagaagn i p cases of insufficient
m xi ng energy. The presencs rirace i (ally active species on

the droplets’ gring the droplets’

i nterfacial S ¥ions affecting such
speci es may further alter the droplets inte ﬁaC‘aI energy. Accordingly,

m xi ng energy under opposed-fhow conditions may jvary in the practice of the
i nvention, depending on the presence of treatnmert solutions or stabilizing
speci es. Conventional static mxing is not as effective as opposed-fl ow

m xing in tRehdeRTE § isch I(}Hbg PHY OH,{oHecause, it is believed, droplet
collisions occur to nfrequeént [y and at’too | ow an energy to cause

coal escence. In 2 6 VA.~ 2003 WO Oogg 40 PCT/ USOCA 04999 - 10
conventional m xing, the neighboring |l ets are at rest or nove at small
velocities with respect to each other, the energy of m xing being directed
towar ds macroscopic fluid nmotion only. It should be noted that opposed-flow
m xing results in sone brine



. dropl et coal escence evensin cases where the crude oil-brine m xtuyr 5
not contain a demulsifier or any other treatnent solution. Accordi ;

opposedf | o @hyigagy C2N be used to renmove droplets of any unqﬂ%s(j(]l.@%ﬁ +i qui d
PG ?

“inmpurity suspended in a continuous phase of a second |iquid on to
crude oil brine m xtures, such m xtures include crude oil products that
contain processwater inpurities, droplet s-fn crude oil products resulting
fromthe use of liquid hydrophilic catalysts, mxtures derived fromthe
neutralization of acidic crude oil or products derived fromcrude oil, and
m xtures der xvedgés from Netoc ysahgest fremt O, &id Rrisee alkyll gpo@shsdisg and 9
polyurea. It is advantageous to use opposedfl ow m xi ng'to enhance dropl et
coal escence icArhanxatomss antax radgesdromchbtd & n a derul sifier or treatment

sol ution when the presence of such a denulsifier or treatnent solution

woul d be inconpatible with or woul d ot herw se undesirably affect the

m xture. As set forth ove...chem cal .demul sjfier formul ations apd .
opposed-fl ow m xi ng, V\A?FZ'F\F.L‘&PM%@H %Wﬁﬁo?mpk’%%%t’f’ Y H’r%orﬂg’éllaﬂpni n

i mproving el i t irk\g; vyl [t . A .

di scovered tﬁgﬁgﬁgﬁr"%@?ﬁg@ﬂénw 3?%?@3'? gﬁs‘fsegpg]ﬂgleoérg!gﬁc%é%a_ i gﬁ?nar e
useful in i mrclyde'a BEharor dwém&?eﬁ aPrtbme:xé‘;rWe?hhd dhidtie. such
as gravitational (setfling) and centrifugal separation. In avi tational
separation, tondensates! suchtascieavy aromsaticonaplethal i pébinatice widsan bkygerfatedn t he
use of chemi cal denulsifier formulations, opposed-flow nixing, or both,
shortens t heSelvenhsuchnag diethylensononelutyb ethes onbenzyl alcohol.6 The grefeaed WO

001 50540 PCTLUS0Q/ 04999 -11 The invention is furthe et forth jn the
fol Low ng nofTIIAROR Somiptiset akout 0 whieto about A0 wt. 4 chemicak sraulsion

cont ai ni ng_ 0 EER Wit 3V ocx8 abob 26 S ik iend Wiood ST Bl EEgter, ©' '
demul si fier hnd abbwd 5 a. % toabbeixys Wt 96 healy ardih@itfaphfitd. "Parfip@latiyr mul at ioan

conprised 45 wt.% of a chemical enulsion breaker having the formila OH
OH ~O)y ~O) Ypxefared i a famulatian bf 0% cheémidad emuisidn-break€iti50Gv 2%, dietliyiene

(CH2-CH), n =5 R = , X =4, and = 2; CH3 5 wt.% heavy aromatic

napht ha; andgbﬁohm%ﬁ%’h?ﬂhéhéngl%wé% hﬁ&ﬁb@maﬂétﬂﬂﬁhﬂla\)@li{w Was added
until the total water concentration in the crude was 2.1 vol.% One m xture
(Case A) was subjected to opposed-flow m xing for 30 m nutes at 2 6 MAC

2D03 WD 001 50540 PCT/ U ﬂ?&g% - Irbei S ratory
mari ne bl ade propell er?gg(é)n I guragldpl%(g%?hqé€eﬁﬁéﬁtqlogﬁ shdéibéal&&tﬁg%ﬁm t he
reverse of tsudventiformulatidie("bhérhieal d¢raokifidihfosmilatont) ig combined with the
configuration pronotes axial flows in directly opposing manner that

i ncreases cofiudgiodlh Aneaffestivy amonptof the formadition inghe aypountyecessary to

displace the surface active component from the brine droplets and render the

brine droplets more amenable to coalescence. The effective amount ranges from
about 1 ppm to about 1,000 ppm based on the weight of the crude oil, with about
20 to about 40 ppm being preferred.

In a preferred embodiment, a crude oil and a chemical demulsifier
formulation are combined and then desalted under electrostatic desalting
conditions. Electrostatic desalting is known to those skilled in the art of crude oil
processing. Accordingly, the crude is desalted in a vessel having electrodes at
potentials ranging from about 10,000 volts to about 40,000 voits, A.C. or D.C.

Voltage gradients present in the vessel range from about 500 volts per inch to



.mxture was then directed«to an electrostatic desalter, where the m'kéém‘sma
was subjected to an 830 volts/inch potential at 80C for one hour. T

m xture of wGemsoiowas directed to the el ectrostati c desal t epck@K500704999
“identical treatnment w thout opposed-flow m xing. The results are summari zed
in Table 1. TABLE 1 Case ACase BWater Concgentration in Crude2.1 % vol unme2.1
% vol uneDehydr ati on9084Salt Concentration in | bs/ 1,000

barrellnitial 1616Fi nal < 314 The table shows that opposed-flow m xing with

el ectrostatic desalting resulted in geat er crude dehydration and | ower

salt concen@bant $Q00mpitsaes ancts prederably at ainotensial rapgng Hompbeut 500 to

Opposed-flow M xing Results.in a Reduced Enul sion RaQ Vol ume. As discussed
in the Backé%%‘@nb,oggﬁ’ ﬁ%im&blgm%‘”ll éSXEPe”PBFﬁﬁmFBPSeq?@cFﬂ@)§b%!%ti3$0§ésal ter

mxtur 6. vePd B SRR e SRR BRI 1 T2 bPphPOIEHE Bt ab by P

formul ati on : MAR 2D03 WO 00/ 50540 - 13 TABLE 2
PCT/ US00/ o438@“@@§‘&%1e5 'é"l‘g?tgf' Wt er Concentrationl.8 Vol.%.5 Vol .%Ra

Vol une0. 2% Vol . 0. 5% Vol . One mi xture, Case A, was subjected to opposed-fl ow

m xi ng under the conditions set forth in Exanple 1. This m xture was then

directed to an el ectr ofdvanmgdassly ! mixing enetgydmuay berapplisdits thenmixtwrte dfor t h

in Exanple 1. The other mxture, Case B using the sane starting crude oil

as Case A, viydeoilemulsion andirhgmiscal demulsifieiformulationincordentoi incrsase but

wi t hout oppgsed-f|l ow m xing. The resylts are summyi.zed in Table 2. anpl e

3. The | nvertimdraplessanlesines Tats. Whermaxige hiskh jf $4mpoRant to caréfuly
control mixing geometry and mixing energy. The mixing may be conventional
("static") or opposed-flow, and may occur in the same vessel as electrostatic

desalting.

In opposed-flow mixing, two or more counter-currents of the
mixture of crude oil emuision and chemical demulsifier impact and intermingle.
Opposed propeller(or impeller) and opposed jet (or nozzle) configurations are

nonlimiting examples of opposed-flow mixing,

In the opposed-propeller geometry, at least two counter-rotating
propellers are immersed in the crude oil-brine mixture in order to form opposed
streams within the mixture. The streams of the mixture impact and intermingle
in the volume between the propellers. The propellers may be in close proximity
in the same reservoir or vessel, in different regions of the same vessel, or in
connected vessels or reservoirs with baffles or pipes providing conducting means
for directing the streams to a region where opposed-flow mixing can occur.
Parameters such as propeller spacing, propeller angular speed, and the nature of
any conducting means may be determined by those skilled in the art of mixing

from mixture properties such as viscosity and the desired mixing energy.



. Viscosity and Salt Concgentration. Three crudes were each conbi ned WIE-IH 456
ppm of the de emulsifier fornulation of Exanple 1, subjected to 1 6 MAR 7003
~opposed- fl Lxi,ng as in Exanple 1, and subjected to el ect ti

- desal ting »g?ﬁ’sogkﬁgs'gﬁ'set forth in Exanple 1. The results are é&@%ﬁ”t"ﬁ”?n
Tabl e 3. TABLE 3 Case ACase BCase Clotal Vol.% H202.072.071.80Vi scosi C
80C/ 1 sec's8193Salt Concentration | bs/ 1,090 bblInitial 167113Fi nal < 3< 313
? 6 i N~R 2003 WD 00/50540 PCT/ US00/ 04999 - 14 Exanple 4. Optim zing the
Water Concentration in the Crude for Mdst Effective Desalting. In this
Exanpl e, 3 sanples of IhiiRe oppBsed jéd e&ﬁ_ée{,,tﬁetc?&he SifbPindanixtareds i nitial
wat er concentration of 0.5 vol. %™ The m xtures were conbined with a

demul si fi er séparatddantmat leastdwauitremh € dCoadeningsacars! sn\mrﬂ's&i?@ argdised to

el ectrostatic desalting as set forth in Exanple 1. The results are set
forth in Taligctithe stwamssn@age oppassd-owseo ationvohceordingly, the

H200. 811. 352. 07Dehydr ati gn60879QTot al, Salt Concentrati on 165I ‘11 000,

bbl I ni ti al 152l |axgs (themxgapn thedsertian ofdlpws ard theoontistsiofthepipast s in

Bri Dr opl et Coal \Wh No Chepi cal .Denul sifi F | ati [
gmljdpéwétg %ﬁqﬁ&ﬁégﬁsaﬁ@”@%@e&ﬁ"ﬁ%@ﬁanméaﬁ%&o@%gg% eSnL"E”)L NS)
crude o?l vvggﬂ[l#rs'e?)fia{régémi]X’C (E;V@ggﬁ %c%ﬂﬁégﬁyﬁéﬁ?gg’%&ﬁ*@?@% S‘slpgﬁ'? ?ﬁgybl end
had i st Al ' f .3
mcrons. Aba e R o L e B B Lo e
equi pped w bfinbarles obfutat disin the oppostdqRepeér géonfity, pafametbisosich asxkel to a

- surface area of the conduits, the flow rate of the mixture in the conduits, the size

and shape of any nozzle or jet employed, and the distance between the outlets
may be determined by those skilled in the art of mixing from mixture properties

such as mixture viscosity and the desired mixing energy.

Importantly, when mixing is used, the mixing energy rate is
controlled in a range where brine droplet coalescence occurs. Too great a
mixing energy results in brine droplet break-up, and too low a mixing energy
results in too few brine droplet collisions. While the exact range of mixing
energy rate will depend, for example, on the crude oil's viscosity, mixing energy
rate (mixing power) will typically range from about 0.1 hp per 1000 gallons of
the mixture of crude oil emulsion and chemical demulsifier to about 3 hp per
1000 gallons, with about 0.2 hp per 1000 gallons to about 0.5 hp per 1000
gallons being the preferred range. The invention can be practiced when the
mixture's temperature ranges from about 20°C to about 150°C and viscosity
ranges from about 1 to about 250 cP. Preferably, mixture temperature ranges
from about 80°C to about 130°C and viscosity ranges from about 1 to about
75 cP. Care should also be taken to prevent undesirable water vaporization
during mixing. Water vaporization can be substantially reduced or prevented by

increasing mixing pressure.
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opposing liquid flows, the top propeller's pitch was reversed conpared to
the pitch ottom bl ade. This arrangenent directs th 'S
“liquid fl o@vbcfg}\%ﬁ\ﬁgrd opposite the upward liquid flow of thgp(t[g%@r% I"ade.
The di stance between the bl ades was about, 2 i nches. The m xture was
pressurized to about 700 kPa with nit rogeqn' to mnimze vapori zation of
wat er. The bl end was m xed at about 400 rpm 80C at a pressure of about
1100 kPa for 30 m nutes. The m xture was inmredi ately cooled to room
tenperature with ice cold water surrounding the autoclave, while the m xer
speed was at 200 rpm and the heater turned off. Then the m xture was
decanted into a S00 nilnpsomestdsys,ahmalp betdesiratiledo addual vérygmalLalmobheofl was
found to have noi sture content. of 1,0% and a volune nean particle
di anet er of VRSWWREE tQ e, crizde efthring mpturesingrdentocoptmiseathg coakescense

t ed, t .t.hat  Arab d il : d i d of, t,he SN- ANS
Crode o | braand A ExaRhSb RV Ahcielt it £ 0hing Phesa BB | oss t han
0.1 % of i 0 j -1 SN- ANS
bl end, Oabgﬁltﬂzld%r?rgf-é?d%%? yégﬂav\%?és %g%‘ 8%3%%0%?%8%1%’%30 Ar ab

Heavy in a Ibabal 6 ehetoplovsi@me of thScriids Wik s.e2ifal R4 SRS usédien r esul ti ng
crude (Crude B) was found to have a npisture content of about 1 % and a

vol une nean coneemtional désaltingit Geferallyy nomaddétWagh aera used deheneinie isiatt ur e
were subjected to the nixing procedure of Exanple 5, except the m xer speed
was 100 rpm a5t 3 Oneolipox ng time was 3 hours. The resulting crude was found
to have a noisture content of about 1 % and a vol une nmean di aneter of about
77 m crons. ~ 6 MAR 2003 -16 CLAIMS 1. A nethod for renoving a brine of

sal't and water from aﬂ—f%“ bl ohs ?l%jd aSd 10 3+ Eﬂg‘ﬂﬁ' o the
crude oi! a chgn‘i cal ew??{’?%ﬁ“‘#@?ﬁg |on§9?ﬁgk¢:¢le gé?}) emu d’;iﬂ]afer
fornul ati on cBfidiog brinesdivplétitoaleseerivedechNGhépdiopht cylRsibn Fragpehéwiabout
1, 000 ppm based on the weight of the crude oil; (b) adding wash water to

the crude oincreasdd@ndrwhen idividuali dropletst cambe siaide to collide with antenesgygi ng
fromabout 0.5 vol. ,%to about 3'8@\/&;""% royvi ded that np wash water is
added when SFeat eBoRato avereemsithe deopiats'iipteriagial pE surfacfotenision; so Batat er t han

b . 0 i Fe he.t. | f.th d P4 d
oot ng. BeEct BRI BARL A 00h bl oS cheplppbla net ! (©)
formul ati onexeddrthe pegitae Wiith avéafcghgg '&Qllfd%'%iﬁgie)ﬂﬂ& fHreé of BIBRPERGPIER.

rangi ng from about 220.degree. F out 300.degree. F., at an elects
ostati c pot Enftheimorengiixipgfenengyeshould bo Suffiviattcoith&thie dropless genot nch and
for atine ranqi ng . from about 1 to about 30 m nutes wherein the chem cal
denul si fi er Messheolidetnd meodi avayfomteagh ofher withentnoglascms, ap WoRldr  at

| east one dgliver.y solvepnt sglected fromthe oup consi st i of

i pr opy! ene ARRBpRes Shins i Mixra THset o Eh aPeseByz o3 sufled Pr

sol vent, di I 1 | oo 5wm. %
to about 153{\/&@%&&;@%3%@/@@& r%ﬁ?@%%ﬁélﬁg;sanﬁr&?%g&m ca P@‘nﬁ?@?%n br eaker
present in weéinplhe &%ﬁﬁ@ﬂltéﬁ%ﬁﬁgy.1%%res%é@oﬁﬁ@§ﬁn@ﬁ selutiofisand
having a fornul a:” ##STR4## x ranges from1 to 5, y ranges fromO to 2, Ris
an al | cyl gaffegtinigsstichgpécies ntaycfurthenaltdrathe dropletshintenfagaal énergy.3 to 9; al |
wt. % bei ng based qn the weight of the chenjcal depulsifier fornulation. 2.
The net hod G€cendingly impaeg engraymdsr pmoseé-ﬂ@wpagwnﬁrmwwwwr 8e oi |
under el ectrost.atig,.desaltin ondi.tions,at _a te rature . r ing from
about 220F PEHRLAf meRents dBeiding PR Inprdends B fPamichy sBoN o5 "0l o
500 to aboulHifofhoeV per inch and for a time ranging fromabout 1 to
about 3 0 mgtﬁut es.g @.&%ﬁé nmet hod of claim2 wherein the chem cal

demul sifier fornmulation contains about 35 w.%to about 75 wt.% of at | east
one delivery solvent selected fromthe group consisting of dipropylene
nmonobut yl et her, i sop@onvdntiunal stativ mxingdy abbasneffédtive as epposediflowi et hyl ene
gl ycol nonobutyl ,ether, henzyl al cohol; about 5 w .,%t& about 1?,\M. of a
heavy ar ome®EDG Hp Hiehpracheel oéthc invention because, it is believed, droplet collisions

occur too infrequently and at too low an energy to cause coalescence. In

(D
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present in an anmount ranging fromabout 10 wt.%to about 60 wt.%? QU}% ng

‘the fornu

- 'CH), CH3

y ~O- x ranges froml to 5, y ranges fromO

ld?qb(°g8§5%)’~ H (POy . )_wherein Eis (CHZ - CI—IZ)bF,(g}afb(ﬁ%()g-iZ -

I'S an

al kyl group having 4 to 9 carbon atons, E}Bd n ranges from3 to 9; all w.%
I

bei ng based on the weight of the chem ca

met hod of claim 3 further conprising mxing the crude oil and chemi cal

dernul sifier fornulati on under opposed-flow conditions at a tenpera tore

rangi ng froroabentionad Guximg] BHxGeighboring drépletsaargi agedtropmazoattsmalLP t o

about 250 cP, and for_a tinme ran

I In
5. The met hd’GIQS?iUQ,SI‘éﬂth]mSMﬁéKEWG?I‘Ngcl’n'lht enermief mixiagbeophdiseated towards

demul sifier fornmulation. 4. The

fromabout 1 mnute to about 10 hours.

conditions ranges from apout. 0.1 hp per 1000 gallons to about 3 hp per 1000
gal | ons. MaciospRRICHHId metiog onlyihe et hod of claim 6 further comprising
addi ng wash water to the crude oil in an anount ranging fromabout 0.5 to

about 8 vol . % based on the

It should be noted that opposed-flow mixing results in some brine
droplet coalescence even in cases where the crude oil-brine mixture does not
contain a demulsifier or any other treatment solution. Accordingly, opposed-
flow mixing can be used to remove droplets of any undesirable liquid impurity
suspended in a continuous phase of a second liquid. In addition to crude oil-
brine mixtures, such mixtures include crude oil products that contain process-
water impurities, droplets in crude oil products resulting from the use of liquid
hydrophilic catalysts, mixtures derived from the neutralization of acidic crude oil
or products derived from crude oil, and mixtures derived from the caustic
treatment of crude oil products and polyurea. It is advantageous to use opposed-
flow mixing to enhance droplet coalescence in mixtures that do not contain a
demulsifier or treatment solution when the presence of such a demulsifier or
treatment solution would be incompatible with or would otherwise undesirably

affect the mixture.

As set forth above, chemical demulsifier formulations and
opposed-flow mixing, whether used above or in combination, are useful in
improving electrostatic desalting processes. In addition, it has been discovered
that such mixing and formulations, alone or in combination, are useful in
improving other common forms of brine-crude oil separation, such as
gravitational (settling) and centrifugal separation. In gravitational separation, for
example, the increase brine droplet size resulting from the use of chemical
demulsifier formulations, opposed-flow mixing, or both, shortens the retention

time necessary for desalting.



. volunme of the crude oil, provided that no wash water is added mh ?W@F
concentration of brine in the crude oil is greater than about 8 vo W%e
met hod of g @b8isdo Wherein the brine is separated fromthe c]_t;(lfxﬁg dlokeolynder
“electrostatic desalting conditions at a tenperature ranging om about 220F
to about 300F, at an electrostatic potentHaI rangi ng from about 500 to
about 5000 volts per inch, and for a tlné of at |east about one mnute. 8,
The nethod of claim8 further conprising adding a chem cal denul sifier
formulation to the crude oil prior to step (b). "~ , The nmethod of claim?9
wherein the chem cal dermulsifier formula tion contains about 35 w.%to
about 75 wt.% of at |east one delivery solvent selected fromthe group
consi sting of di propyl Bicinyentinisyfurdenset fartointha fellowmngnon-inuting

cycl oparaffinic solvent, diethylene glycol nonobutyl ether, benzyl alcohol;
about 5 wt. B¥YPHout 15 wt. % of a heavy aromatic naphtha; and a 2 6 MAR
2003 . ' WD 00l 50540 PCT/ US00/ 04999 -19 chem cal emnul sion breaker present
in an anount ranging fromabout 10 rt.%to about 60 wt. % and havi ng the
formul a: OHESHARPI(ES- (POY (POyYy ~O)x ~O)x O wherein Eis (CHZ - CH2),
Pis (CHZ - CH), CH3 x ranges from1l to 5 vy ranges fromO to 2, Ris an

al kyl group having 4 to 9 carbon atons and n ranges fron13 to 9 aII wt . %
bei ng basedER- , e
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5 wt.% heavy aromatic naphtha; and 50 wt.% diethylene glycol monobutyl ether.
Water was added until the total water concentration in the crude was 2.1 vol.%.

One mixture (Case A) was subjected to opposed-flow mixing for 30 minutes at
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The mlx e 0 Case B was dlrected to the electrostatic desalter for

- identical treatment without opposed-flow mixing. The results are summarized in

Table 1.

TABLE 1

Case A Case B

Water Concentration in Crude

2.1% (volume) | 2.1% (volume)

% Dehydration 90 84
Salt Concentration in Ibs/1,000 barrel

Initial 16 16

Final <3 14

The table shows that opposed-flow mixing with electrostatic

desalting resulted in greater crude dehydration and lower salt concentration than

electrostatic desalting alone.

Example 2. Opposed-flow Mixing Results in a Reduced Emulsion Rag Volume.

As discussed in the Background, an undesirable rag layer forms in

electrostatic desalter between the oil phase and the water phase. In this example,

two crude mixtures were prepared and combined with 40 ppm of the demulsifier

formulation of Example 1.
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TABLE 2
Case A Case B
Total Water Concentration 1.8 Vol.% 4.5 Vol.%
Rag Volume 0.2% (Vol.) 0.5% (Vol.)

One mixture, Case A, was subjected to opposed-flow mixing under
the conditions set forth in Example 1. This mixture was then directed to an
electrostatic desalter operated under conditions set forth in Example 1. The
other mixture, Case B using the same starting crude oil as Case A, was
electrostatically desalted under the same conditions, but without opposed-flow

mixing. The results are summarized in Table 2.

Example 3. The Invention is Compatible with Crudes of Widely Varying

Viscosity and Salt Concentration.

Three crudes were each combined with 40 ppm of the de-
emulsifier formulation of Example 1, subjected to opposed-flow mixing as in
Example 1, and subjected to electrostatic desalting also as set forth in Example
1. The results are set forth in Table 3.

TABLE3
Case A Case B Case C

Total Vol.% H,0 2.07 2.07 1.80
Viscosity (Cp@ 80°C/1 sec” 8 19 3
Salt Concentration
1bs/1,000 bbl

Initial 16 7 113

Final <3 <3 13
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In this Example, 3 samples of the same crude were tested, each

having an initial water concentration of 0.5 vol.%. The mixtures were combined
with a demulsifier formulation, and subjected to opposed-flow mixing and

electrostatic desalting as set forth in Example 1. The results are set forth in

Table 4.
TABLE 4
Case A Case B Case C

Total Vol.% H,O 0.81 1.35 2.07
% Dehydration 60 87 90
Total Salt Concentration
165/1,000 bbl

Initial 15 14 16

Final 6 3 <3

Example 5 and 6. Opposed-flow Mixing Results in Brine Droplet Coalescence
Even When No Chemical Demulsifier Formulation is

Employed.

Example 5:

A homogeneous crude oil blend comprising 200 gms of San
Joaquin Valley (SJV) crude oil and 200 gms of Alaskan North Slope (ANS)
crude oil was prepared in a 500 ml polyethylene bottle. This starting blend had a

moisture content of about 1.0% and a volume mean diameter of 26.3 microns.

About 260 gms of the blend was decanted into a 300 ml autoclave
equipped with two laboratory marine propeller mixers (1" blade) affixed to a
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common shaft. To create opposing liquid flows, the top propeller's pitch was
reversed compared to the pitch of the bottom blade. This arrangement directs the
top blade's liquid flow downward opposite the upward liquid flow of the bottom
blade. The distance between the blades was about 2 inches. The mixture was
pressurized to about 700 kPa with nitrogen to minimize vaporization of water.

The blend was mixed at about 400 rpm, 80°C at a pressure of about 1100 kPa for
30 minutes. The mixture was immediately cooled to room temperature with ice
cold water surrounding the autoclave, while the mixer speed was at 200 rpm and
the heater turned off. Then the mixture was decanted into a 500 mi polyethylene
bottle. The resulting crude blend was found to have a moisture content of 1.0%

and a volume mean particle diameter of 49.4 microns.

Example 6:

The procedure in Example 5 was repeated, except that Arab Heavy
crude oil was used instead of the STV-ANS crude oil blend. The Arab Heavy
crude sample was found to contain less than 0.1% of moisture. To match the
about 1% moisture content of the 1:1 SJV-ANS blend, about 4 gms of deionized
water was homogenized in 400 gms of Arab Heavy in a laboratory blender for 5
minutes at low speed. The resulting crude (Crude B) was found to have a

moisture content of about 1% and a volume mean diameter of about 54 microns.

240 grams of crude-water mixture were subjected to the mixing
procedure of Example 5, except the mixer speed was 100 rpm and the mixing

time was 3 hours.

The resulting crude was found to have a moisture content of about

1% and a volume mean diameter of about 77 microns.
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volume of the crude oil; and

(c) separating the brine from the crude oil and chemical demulsifier formulation under electrostatic

desalting conditions at a temperature ranging from about 220.degree. F. to about 300.degree. F., at an
i electrostatic potential ranging from about 500 to about 5000 volts per inch and for a time ranging
from about 1 to about 30 minutes

wherein the chemical demulsifier formulation contains about 35 wt. % to about 75 wt. % of at least
one delivery solvent selected from the group consisting of dipropylene monobutyl ether,
isoparaffinic solvent, cycloparaffinic solvent, diethylene glycol monobutyl ether, benzyl alcohol;
about 5 wt. % to about 15 wt. of heavy aromatic naphtha; and a chemical emulsion breaker present in
an amount ranging from about 10 wt. % to about 60 wt. % and having a formula: ##STR4##

x ranges from 1 to 5, y ranges from 0 to 2, R is an alky! group having 4 to 9 carbon atoms, and n
ranges from 3 to 9;

all wt, % being based on the weight of the chemical demulsifier formulation.

2. The method of claim 1 wherein the brine is separated from the

crude oil under electrostatic desalting conditions at a temperature ranging from
about 220°F to about 300°F, at an electrostatic potential ranging from about 500
to about 5000 volts per inch and for a time ranging from about 1 to about 30

minutes.

3. The method of claim 2 wherein the chemical demulsifier
formulation contains about 35 wt.% to about 75 wt.% of at least one delivery
solvent selected from the group consisting of dipropylene monobutyl ether,
isoparaffinic solvent, cycloparaffinic solvent, diethylene glycol monobutyl ether,
benzyl alcohol; about 5 wt.% to about 15 wt. of a heavy aromatic naphtha; and a
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wherein E is (CH;- CH,), P is (CH, - CH),

|
CHs

x ranges from 1 to 5, y ranges from 0 to 2, R is an alkyl group having 4 to 9

carbon atoms, and n ranges from 3 to 9;

all wt.% being based on the weight of the chemical demulsifier formulation.

4. The method of claim 3 further comprising mixing the crude oil and
chemical demulsifier formulation under opposed-flow conditions at a tempera-
ture ranging from about 20°C to 150°C, a viscosity ranging from about 1 cP to
about 250 cP, and for a time ranging from about 1 minute to about 10 hours.

5. The method of claim 4 wherein the mixing power under opposed-
flow conditions ranges from about 0.1 hp per 1000 gallons to about 3 hp per
1000 gallons.
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The method of claim 7 wherein the brine is separated from the

crude oil under electrostatic desalting conditions at a temperature ranging from
about 220°F to about 300°F, at an electrostatic potential ranging from about 500

to about 5000 volts per inch, and for a time of at least about one minute.

g, The method of claim 8 further comprising adding a chemical

demulsifier formulation to the crude oil prior to step (b).

9.  The method of claim 9 wherein the chemical demulsifier formula-
tion contains about 35 wt.% to about 75 wt.% of at least one delivery solvent
selected from the group consisting of dipropylene monobutyl ether, isoparaffinic
solvent, cycloparaffinic solvent, diethylene glycol monobutyl ether, benzyl
alcohol; about 5 wt.% to about 15 wt.% of a heavy aromatic naphtha; and a
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wherein E is (CH; - CH,), P is (CH, - CH),

I
CH,

x ranges from 1 to 5, y ranges from 0 to 2, R is an alkyl group having 4 to 9

carbon atoms, and n ranges from 3 to 9;

all wt.% being based on the weight of the chemical demulsifier formulation.



