»vwe3eYr V($6Tr=C0 CRUDE O L DESALTI NG METHOD FI ELD OF THE | NVENTI ON The
invention is related to chenmical denulsifier fornulations usef ubyish

- desal ting heavy or waxy crude oils. The invention is also related to
-methods for mxing crude oil and chem cal demulsifier for i

- BACKGROUND Crude oil contains varying anmounts of inorganigﬂwmmmmmmmmww

- presence of such salts presents difficulties during crude oil processing
‘such as corrosion of the oil processing equipnent. In order to nitigate the
effects of corrosion resulting fromthe presence of salts, lllmm‘ummuﬂ“@l‘“m
advant ageous to reduce the salt concentration to the range m by

wei ght of the crude oil. This concentration corresponds to appfooxormately 2

pounds of inorganic salts per_1,000 barrels of crude oil. Among the crude

oi | desalting methods in useCRAMAE O RESALTINGMETHOD ting is frequently

used with crudes containing 0.5 to 2% water. Wash water is added until the

crude's water content is in the range of 4 to 8 vol.% and a chem cal

ermul si on br eak®IEL DSORAMERIINVENTON he oil and the aqueous phases can be

separated and diverted for storage or further processing. As used herein, a

crude oil emulsion is a stable m xture of crude oil and a suspended aqueous

phase, which may be i n Theinventiomis relatid techemicabddmudsifiebformadarioas | y

occurring surfacg,active c ounds in the crude oil..Additional

i norgani c finé§® %écéglges%np‘ﬁ’a?ﬁwﬁ’fyeguaﬁﬂﬁ%o G Jo¥ERaen 15 F@F’ﬁb

stabi i zati on.mdth&dioP miking el oiPiid chRinfdal HEthBlsifies férmiflidncr €eases bot h

the average dropl et nunber density and the droplet surface area avail abl e

for binding the surface active conponents. |ncreasing -2 droplet surface

area resul ts IBAGKGROIENDon in dropl et coverage by the surface active

components; this results in a decrease in enulsion stability and an

increase in droplet coalescence. In electrostatic separation, brine
droplets in the nixturCrdeoilirontaing varying gmaunts of ingsganie sase afheenul si on

breaker coal e ] | ectro i ' ; e
coal esced aquggcgigi1 r%';‘f’éﬁﬂ?ﬁ’é n&;s’ gtﬁﬁp"%tgﬁ%?v"\ﬁﬁ %éhgkg’ggé} h%eusg&gr%g%heyc:i I
phase. The sepofraion 6f Meilg6tessing eq £ alncdrdevhe meitigateahé bffents obri ne may

be renoved. Treated crude containing 3-5 ppminorganic salts js renoved
from the uppecopasion isulting fram thepresence pf MltselgisAdvapiagequs fo repuce e phase

and the bri ne spbasedadh WIREAEERES 1o 53m bANERPOMBEALAGIE Bish! ©

oil -water enmuls sol | e rag er In 1 n the desalter vessel
or it may be cemenestdmeorrespendsitoapprlonimgely@ pdunds bfinopganiesadis por

El ectrostatic desalting nmay undesirably require adding a substantial anount
of wash wat er 1tQ9°th4B’°’érQ§G@d}§|q"or to desalting. Frequently, water nust be
purchased for this purpose. Another difficulty in electrostatic desalting
results fromthe quantity and quality of effluent brine, which itself may
require further processAmondtherededsit dévalting méthddsrin msotddagpelastsastatiat ed wi t h

el ectrostatic desalting include crude inconpatibilit nd the fornmation of
undesi rabl e efgalingis freauantly,used with crpdesicog gQ-SJE%H%' Sg@g‘rﬁéastermr e

di fficult ' ' - [ , and
o hen o o Uy RRGRRL Ul BB b 00,000 B, o

napt heni ¢ aci waxy" cru I ncreases. Rag | ayers at
t he wat er - oi | cidmisal dnnulsiombyeakérsio addadsd thanthe oil @ed theagueohs phases cancbet hat
beconme nore serious, as, t{.he er%l si on becones m)re.staRIBe O‘%gi ncreases in

i

size. -3 Coﬁg’é‘EﬂE%dn‘!-q_ liverted: T Storage AL dBrips Prepee g e 18 eI Et™ £ A “fret hod
that limts tig ehidiH isAseftle HRGR 5OGhE GTHAEA SikPended RfubEd pieGe W th heavy

and waxy ]
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 droplet

surface area available for binding the surface active components. Increasing



crudes, that mnimzes the quantity of water added prior to crude
-.preatnént, and that m nimzes the quantity of effluent brine. SUVWARY OF

. THE I NVENTION I n one enbodi nent, the invention is a crude oil-desalting
_process conprising: (a) adding to the crude oil a chem cal denulsifier
formul ation, the chem cal denulsifier fornulati on being present in an
“amount ranging fromabout 1 ppmto about 1,000 ppm based on the wei ght of
the crude oil; (b) adding wash water to the crude oil and chem cal

dermul sifier forrmulation in an anmount rangj ng fromabout 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 % bei ng

based on the totzi\I vql ume of the. crude oil, (ﬁl_nciﬁélc%/ seﬁ%ra ing.the brine
fromthe cruddrOpigt suriaceaeaesyits UEHon:in 4raplt cayeragh oy the fier
enbodi ment, t e béRiHoheRts: thi SRR sbilt afd arslckeaddd
water froma cruc?(ra%oi I ,%’eﬁgf%%hggrggﬁeﬁ ng: Ylk‘gfloﬁisxibngﬁt he chdeg oi |
under opposedir droplet coalescences at a tenperature rangi ng from about 20C to

150C, for a tinme ranging from -4 about | mnute to about 50 hours, and at
a viscosity ranging fromabout 1 cP to about 250 cP in order to coal esce

the brine into droplet . At ngy | e Sirgdes from
the crude oil. DETAI LE?&@%WWW&I‘T %%e I'nventl ot%lesi s based
on the di scoveilywiashavatr, afié chiémichémuigiah dreaker coaldsce inbewaenl eleetrodes
enhanced by ag)di ng,chem’,cal enul sion breakers to the crude qil enul sion,
subj ecti ng’ t heocated dw thsj gl phage., The goalesced agueoys dropletshensgitle helaypths.
Typically. DT bRegHb@PiblS ol Bufdel! Theebarifich b Bbdrifid sBarftol WhEH/f Of
surface active conponents stch as waxes, asphaltenes, resins, an

napht heni ¢ aceffilnenttrineansy bé remioved! Treated ¢rudd containing 3-B@pariaptgahis’ surface.
Such corrponen;ﬁ?téprovi de an interfacial filmover the brine drople

resul ting in FAl§AS m"&gt&@ the1uppes pastolihe sepasatar. olatame dwis hstwesh Beessi ng,
resulting in g Bh&'e%ﬂ& qhed&%Pel ;ﬂ{asg %adnelftx(ﬁeegi?zﬁrlc "rag" layer comprising a stable

oil-water emulsion and solids. The rag layer remain in the desalter vessel or it

may be removed therefrom for storage or further processing.

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.



Wil e the invention can be practiced with any crude oil containing a brine,

- it is preferably practiced with heavy or waxy crude oils. Heavy or waxy

~ crude'oils have one or nore of the followi ng characteristics: (a) The crude
-oil has an API gravity ranging fromabout S to about 30. (b) The crude oil
has a hi gh naphthenic acid concentration, characterized by a high "TAN'

" nunber (the TAN nunber represents the nunber of mlliequival ents of

pot assi um hydroxi de required to neutralize 1 gramof crude oil). -5 (c¢)
The fraction of the crude oil soluble in_i\[—hept ane ranges from about 0.5
w.%to about 15 wt.% Adding water to the crude can decrease the anmount of
the surface active conponents on the surface of each dropl et because the

nunber of droplets is ifncreased w,thaout increasing c onent concentrati on.
It has been di scovered é‘i’fb‘.‘f’q‘f YahEtr s agee gﬂeﬂc'ﬁg?gﬁraﬁ%%“F@Pg?@éal ting

may be mi ni m fgghie AfifHalon af@hh%m& eGSO e @RS WithhehRParkd Walgy that is
capabl e of displacing the surtface active conponents fromthe brine droplets
and then subj enkes)ghdtimeinimizeetheiguantity of waterl ddded priar togerudehteeatmentt, and

emul si on- br eahﬁgs .useful in the inpvention, have a hydrophobic tail group and
a hydrophilic he gpantity ghefjluenthrineqy| si on” breaker has the fornul a:
H~H~H~0-~0 Ir O yYIl~) ) xi x I~ werein Eis (CH-CH2), Pis
(CH2-CH), CH3 -6 x ranges froml to S, y ranges fromO to 2, and Ris an
al kyl group hSUMMARY ORTHEIDO/ENTION) and n ranges from3 to 9.
Preferably, the chem cal enuision-breaker is used in conbination with a
delivery solvent. Delivery solvents useful in the practice of this

i nvention include a hi 101 d Halte e, and
hi gh aromatic condensalg.ﬂeigﬁéS@B%@ehgé%mﬁéﬁn%f#g%r{ggﬁ,ﬂg I'n §ﬁﬂg+e§gtl on

w th an oxygeoahpdsiagl vent such as diethyl ene nonobutyl ether or benzyl

al cohol': The preferred fornul ation conprises about 10 wt.%to about 60

wt . % chem cal enul sion breaker, about 35 wt.%to about 75 w. % di et hyl ene
gl ycol mono butyl ether,\ apg: : t % romatic
napht ha. Particularly ir‘)ef géfdr"%&@e gn%ﬁ'gro(rir/fiﬁ %F?@gﬂoq‘c@%ﬂe%ﬁﬁgwo&

enul si on- br eaker) the chémitalldepidlsifierforglilatioh beingprésehyin anf dnsount canging Wt . %
heavy aromatic naphtha ("HAN'). An effective amunt_ of thegﬁ‘gemﬁqal

enul si on- br eaker - JEOM@BeYt Lppr &, 8bqus 1,00 ppmy based opdhs waishfiehthe crydee

formulation") is ined with the chide oil. An effective anbunt of the
fornmulation is the dmount necessary to displace the surface active
conponent fromthe brine droplets and render the brine droplets nore

amenabl e to coal escence,. The _ effective anpunt janges, from ahout pmto
about 1,000 ppm based & m@%w W!fF"foggeG é"gﬂdd\m‘ﬁ’?g%ﬁ{“ to
about 40 ppm bei ng,nf §hf6K fian 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



In apreferred enbodinent, a crude oil and a chemnical denulsifier

- fornul ati on are conbi ned 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 fromabout 10,000 volts to about 40, 000
volts, A C or D.C Voltage gradients present in the vessel range from
about 500 volts per inch to about 5,000 volts per inch, preferably at a
potential ranging fromabout 500 to about ,1, 000 volts per inch. Crude oi
tenperature ranges 220F to about 300F, and resi dence tinmes range from about
t to about 60 ntnutes) preferably fromabout 1 to about 15 m nutes.

Advant ageousl vy, ene lie to t.he m xture ude oil
emul si on and chem @h? "‘g%/?qn%%“f gﬁ)ﬁg g VigsosiLy rat“&“lgn(g‘?rgéé‘e“tbri ne
dropl et coal escencq Jpatt)eabolltmepm'd}eehacuaeeoc tht blifie D AFdpM, dn@ they ef ul |y
control mixing geonetry and m xi ng energy. The m xing may be conventi onal
("static"} or opposed-flow, and may occur |n t he sane vessel as

el ectrostatic desaltingg)l memmm&meb@@omm cptidewit.e
counter-currents of the mxture of crude oil enulsion and chem cal

denul sifier inpact and i nterm ngl e. Opposed propel l'er(or inpeller) and
opposed jet (Qq Z G ting exanpl es of
opposed-fl ow - ] oPe —geonetry, at |east two
counter-rotating propel lers are | rrrrersed in the crude oil-brine mxture in
order to form opposed streans within the mxture. The streams of the

m xture inpact and int eFhg wgpenqmsbn&ed\mt thawissevem dhatbriae dramet] | ers. The

propel l ers nay, r. V0 , in
different regi o%gsac?lﬁcflﬁle sa versTéé l'(“‘{@?é‘rﬁyg l?éﬁc%leésrﬁs‘ggén‘é?érﬁgsser VoI rs
with bales or tptiRagudy 6if eftuldfhn; edtjectingntte Bﬁﬂe%ﬂf@ﬁ betine @6 bppasedffowst r eans to
a region where opposed-flow m xing can occur. Parameters such as propeller

spaci ng, propdtkng, enbethalypisally), brmdiropletsnamlds Oe‘fﬁaﬁ‘}bddﬁ@lhltalwuﬁeans

may be determ ose ski the art m xi ng. fr

T ort | o6 ouioh SSrgA AchSE Fordionenfiingt at B, st fiding A8 dRpfiueRE |
opposed j et Qa@ids at hrel d16ctFostatioalf} tolhfdlta%mbwtﬁsm&em&maﬂpomg at

| east two streans. Conducting nmeans such as pipes are used to direct the

str eamshl nto @Fevednasiserfaciahlidooventhe dring dropletresulingsinighlyelastiagi t udi nal
t . { {.
or ent ed o & Raliichd efhesh Hkoritls Bt e ik, by ih Wstinfinel dforte? o, FC°

outl ets. Prefebslbdcgncd. W0 opposed pi pes are enpl oyed and the angl e subt ended
by the longitudinal axes of the pipes is about 180. The outlets may be in
the formof nozzles or jets. As in the opposed propeller geonetry,

paramet ers such as the Whiletheioventionsan betpracticod withtany qil entaining of t he

m xture in the con its Siz ape of an e et enpl oyed,
and the di st afdE0gd Mﬁquﬁ:iyg@pﬁgqad;wtﬁ?t @“He‘f@?%‘lrﬂ‘g 'hﬂf Igﬁﬂ)g’é) V1 ed in
the art of méhﬁﬁoﬁl&ﬁﬁ%‘bﬁ@wrﬁo@r& V\fg AhrfteriSies:ure viscosity and the
desired m xing energy. |nportantly, |ng I's used, the m xing energy
rate is controlled in a range where brine dropl et coal escence occurs. Too-
great a m xing energy results in brine draplet .break-u and | ow a

m xi ng energy results l(ﬁ)tkbef:g‘%eﬁlllltﬁéaa I%?“Q’o‘lal'g’gg%;?& %&Sgothe exact
range of m xing engg@ysvate will depend, for exanple, on the crude oil's

viscosity, m xi ng energy rate (mxing power) will typically range from
about 0.1 hp per 1000 gall ons of the m xture of crude oil enulsion and
chem cal denulsifier to,abgut p. || ons out 0.2 hp per
1000 gal | ons to about @Y% ﬁﬁ Pé@@sﬁiPaowg%g5WHb&¥¥% g??bd range.
The invention cang e s from
about 20C to about 150%‘*%4#(1*‘?“‘?35?ﬁ?*‘?%%“&%?ﬁ@%@?@*ﬂ&gtﬁﬁﬁso P,
Preferably, m xtunembengfmiliequévalamgefpdtassion hpdroxiie CequrediomtutifdiX€ and

vi scosity ranges frontagout 1 o0 about 75 cP. Care should al so be taken to
prevent undesi r abl! &HAO F“@Eﬁﬂ ization during mxing. Water vaporization
can be substantially reduced or prevented by increasing m xing pressure.

-9 In sone cases) it may be desirable to add a very small anount of wash
water to the crude oil-briny mxture in order to optim ze the coal escence
rate and to extract salt that is not present in a brine phase. Wen used,

t he amount of added wash water ranges fromabout 0.5 to about 3.0 vol.%
wat er based on the total volunme of the crude oil, i.e., far less than is
used in conventional desalting. CGenerally, no added wash water is used when
brine is at least 3.0 vo.% Wile not wishing to be bound by any theory, it
|s belleved that eff|C|ent brlne droplet coalescence occurs mhen droplet

o S .




Conventional static mxing is not as effective as opposed-flow m xing in
~.the practice of the invention because, it is believed, droplet collisions

S occur too infrequently and at too | ow an energy to cause coal escence. In

.- 10 conventional mxing, the neighboring droplets are at rest or nove at
smal | velocities with respect to each other, the energy of m xing being
directed towards macroscopic fluid notion only. It should be noted that
opposed-flow m xing results in some brine droplet coal escence even in cases
where the crude oil-brine mxture does not _contain a demulsifier or any

ot her treatnment solution. Accordingly, opposedflow m xing can be used to
renove droplets of any undesirable liquid inmpurity suspended in a

Xt ur 65, - stoh i xt ur es (Dnc HRsaaaS B ok oi GBlkblk Ry HEpfps Apecs rom
processwat er i npur ighh@0.5 WL kShSoutN56tede oi | products resulting fromthe

use of liquid hydrophilic catalysts, m xtures derived fromthe
neutralization of acidic crude oil or products derived fromcrude oil, and

m xtures derived fromt caustic treatnent qf cr oil pr cts.and

poryﬂrez. It?;/s advant a B%U‘??)éﬁ@e‘[‘f) é’ﬁ?ﬁWﬁ% %ﬁ‘%‘?wﬁéﬁﬁg%%‘zfaﬁfopl et

coal escence i Ml Eé&flé&xehﬂa&n e sﬁﬁﬁc&ﬂ'ﬁa@? &@Ja%@bu&e heShurfber ot ApdpI&St
ence of such a denul si

sol uti on when the pre ler or treatnent sol ution

woul d be i nconpatcrénsed withbutdincrensihgl capenent sencentistion: dbhgs bdehekiscovéred

m xture. As set forth above, .chem cal nul sifjer formulations, an

opposed- f | ow n"f’% @em%@tqféﬁdﬂyateassvgﬁcfw é‘??at’&%?"r}’a‘?‘?@f’ﬂn"éﬁe hé{égfim in

i nproving ele i L : L i een

di scovered thg{;‘égﬁg %ﬁxgﬁ‘g@ghﬁ ?#ﬁugfg??me,&%lgg@%?@&nd‘%‘ga I g{& ion, are
usef ul i n i nprsodacyaativh componentsfrbor the brifie drophsts audithen subjestgpatheciudr, such
as gravitati o?ﬂz}ll (settliéan .and centrifugal separation. In gravitational
separation, fdi @ oREple g ncrease brine droplet size resulting fromthe
use of chem cal denulsifier formulations, opposed-flow m xing, or both,
shortens the retention g A1F; o RN cTo IE SR invention is
further set forth in th%h@cﬁgﬁgﬁ%bﬁg@{c% #%%)@%W%Y%néﬁ&gmLES Exanpl e
| . The Effect hytirdphpbisesil gfonp akllai hydraphilid head grovp. Fieferably tht iemalsichwo
identical crude gils containing 0.5 vol.% water were conbined with 40 ppm
of a cheni cal baeaker Rasithe formmaiyl at i on of al koxyl at ed nonyl phenol resin.
The formul ation conprised 45 w.% of a chem cal emnul sion breaker having the
formula OHOHIHto lo) o ~ ~, fPY(~:§2Y~) - é&ﬁ 5r wherein Eis
(CH2-CH2), P is (CH2-CH), n =CFI-,I R=COHx = 4, %hd y = 2;

®0), ®O) (PO)

y y
(EO), (EO), (EO),
Q 0 9

@f ofle

wherein E is (CH,-CHy), P is (CH,-CH),

|
CH;



CH3 -5 W . % heavy aromatic naphtha; and 50 wt. % di et hyl ene gl ycol nonobutyl
~.ether. Water was added until the total water concentration in the crude was
2 2.1 vol.% One mxture (Case A) was subjected to opposed-flow m xing for 30
.mnutes at - 12 80C and 200 psi, using two | aboratory mari ne bl ade
propel l ers configured so that the top blade's pitch was the reverse of the
_pitch of the bottom blade. This m xi ng geonetry and configuration pronotes
axial flows in directly opposing manner that increases collision frequency.
I mpel ler rotation was 400 rpm This mxtuge was then directed to an

el ectrostatic desalter, where the m xture was subjected to an 830

vol ts/inch potential at 80C for one hour. The m xture of Case B was

directed to t | ect rost atdi c desalter  for, - jdentical,treatnent w thout
ohposea.t | ow nsnges AR Bos, §B808 Aot 0 R, ind B 1 SRy &85 hRAE 4% oo
ACase Bvater Gapsonnitoms, £ nl ringdsUssiy 3%goovol une2. 1%

vol unmeDehydr ati on9084Salt Concentration in | bs/ 1,000

barrellnitial 1616Fi nal < 314 The table shows that opposed-flow m xing with
el ectrostatic desalti ngp ter, crude .dehydrat.i on_and .| ower

el
salt concentration than rreel?%gé’ly gg’?iﬁ?ﬁ? rcg'ggxﬁ}ﬂﬂoﬂ' TERKSRAS U dﬂﬁ?‘é‘gﬁ‘.am’“
Opposed- fl ow Mig #delRagy kdisentn melil%’@.@t&llﬂtﬁénérmkﬁil & tH@qftadtitle W his HivellliGF ussed

i n the Background, an undesirable rag layer fornms in electrostatic desalter
bet ween t he oiilclpdes bighradomaticityssolvenpsushas toluendixyleogzand high aromatic

condensates such as heavy aromatic naphtha in combination with an oxygenated

solvent such as diethylene monobutyl ether or benzyl alcohok. The preferred

formulation comprises about 10 wt.% to about 60 wt.% chemical emulsion

breaker, about 35 wt.% to about 75 wt.% diethylene glycol mono buty! ether,

and about 5 wt.% to about 15 wt.% heavy aromatic naphtha. Particularly

preferred is a formulation of 1% chemical emulsion-breaker, 50 wt.% diethylene

glycol mono butyl ether, and 5 wt.% heavy aromatic naphtha ("HAN").

An effective amount of the chemical emulsion-breaker-delivery
solvent formulation ("chemical demulsifier formulation") is combined with the
crude oil. An effective amount of the formulation is the amount necessary 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 volts, A.C. or D.C.

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



two -crude mi xtures were prepared and conbined with 40 ppm of the

.demul sifier formulation of Exanple 1. -13 TABLE 2 Case ACase BTotal Water
" Concentrationl.8 Vol.%. S Vol . %Rag Vol une0. 2% Vol . 0. 5% Vol . One ni xture,
-Case A, was subjected to opposed-flow m xing under the conditions set forth
in Exanple 1. This m xture was then directed to an electrostatic desalter
operated under conditions set forth in Exanple 1. The other m xture, Case B
using the sane starting crude oil as Case A, was electrostatically desalted
under the sanme conditions, but without opposed-flow mxing. The results are
summari zed in Table 2. Exanple 3. The Invention is Conpatible with Crudes
of Wdely Varying Viscosity and Salt Concentration. Three crudes were each
conbi ned wi t h_,40 of .t he de e sifier formulation of a 1,

suby ected t o HissSDB0 ol P Ft Preterably o pdirael Sagate BomabRRtin B

el ectrostatic lobot for ' oxly are set
Forth in Tablsogr HSOIBEaOnaR CRIdc ol Ebpkpkk 3ifkcE p207F ABGEIIOCF,

H202. 072. 071. &fd\fesidersie timéQahge fera'abB8itOBfooatiouCe0 adnites tpréferabhsfrdm000
bblInitial 167113Fi nal < 3< 313 - 14 Exanple 4. Optim zing the Water
Concent r at i orAOHt { fRakgusdd migutespst

Advantageously, mixing energy may be applied to the mixture of
crude oil emulsion and chemical demulsifier formulation in order to increase
brine droplet coalescence rate. When mixing is used, it is important to carefully
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 emulsion 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.



Effective Desalting. In this Exanple) 3 sanples of the same crude were

- tested, each having an initial water concentration of 0.5 vol.% The

. mxtures were conbined with a denulsifier fornulation, and subjected to
-opposed-flow m xing and el ectrostatic desalting as set forth in Exanple 1.

- The results are set forth in Table 4. TABLE 4 Case ACase BCase CTotal Vol.%
" H200. 811. 352. 07Deh drati on608790Total Salt Concentration 165/ 1 000

bbl Initial 151416Fi nal 63< 3 Exanple 5 and 6. Op; nosed-flow M xing_Results in
Bri ne Dropl et Coal escence Even Wien No m cal Demulsifier Fornulation is
Enpl oyed. Exanple 5: A honogeneous crude 0il bl end conprising 200 gns of
San Joaquin Valley (SJV) crude oil and 200 gns of Al askan North Sl ope (ANS)

crude oil was prepared _in a 500 pol yet hy] ene bottle. This starting bl end
had a noi sture content IB@%MCE}%G@%FH% ‘LBFG‘HEOH'@%YH“’CFPMF& of 26.3
m crons. Abou p%gsg I i | ave
equi pped w t hg?wo f‘g o? g{lgéig?wngﬁlﬁ'ﬁgn%’?gggﬁéﬁ?k%&%?%&P%i@%s%%@g%i xed to

a  -15 conmodiredtahé¢ strehmsdntoancoppoped-low donfigindtibh.0Wscordingly, ale propel I er' s
pitch was rev compared to the pitch of the bottom blade, This

arrangenent df‘{“égg@“i‘wé‘e? e presda the diregtion afiflar)osdribepetlcsppbtie pipes he
opver d 11 00 dofd ity 615 SOURY e e B R e D 205 v

about 2 inches. mxXture was pressurize ni t rogen
to muum ze vapaddts. aPefirably, M@posa'mpigbk greceniployed arddhe nglb subiterded bypm 80C
at a pressure of about 1100 kPa for 30 m nutes. The m xture was i medi ately
cool ed to roothetlergitndinalaxesgfithe pipes isoiboutnd80Sr Theroutletsanaybe indhefarec| ave,

while th i d t.200 dt heat t ff.. T th
T or e e, aStacRES o S 8% i8R AR ohd o sEmEy RS Sh R O ude
bl end was fouggfdce aRAT the EGidaits!tRe ﬂawxﬁfgofgﬁe #ﬁ%@iﬂ%@cdﬁuﬂ?ﬁh@?&@l

particle dianmeter of 49.4 mcrons. Exanple 6: e procedure in Exanple 5
was repeat ed, arskshape of amyt noxzleborjetemployer andithe distanceskstweernstheautles t he

SJV- ANS de_oi | end. b I N d to. .contai

ess. than 0. 19 be AbBbned 55 5sF RN 5 a5t mH0Re iR M Brob eS8 (e

1:1 SfV-ANS bﬁ@ﬁ(&snﬂmvﬂc&ﬁ? aflll thiedQiired B5ixialcRbrgpas honogeni zed in 400
a

gns of Arab Heavy in a | aboratory blender for ™5 mhutes at | ow speed. The
resulting crude (Crude B) was found to have a noi sture content of about 1%

and a vol une mean di aneter  of, about 54. m'.cror;f 240.qr ans_of , crude- wat er
mi xture were subj ect ed IDBORANlY, Whep giixing iS used, the mixing cncrgy 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.



procedure of Exanple 5, except the m xer speed was 100 rpm and the m xi ng
~.time was 3 hours. The resulting crude was found to have a noisture content
of about 1% and a vol une nean di aneter of about 77 m crons. - 16 CLAIM
.1. Anethod for renmoving a brine of salt and water froma crude oil, the
met hod conprising: (a) mxing the crude oil under opposed-flow conditions
at a tenperature ranging fromabout 20C to 150C, for a tinme ranging from
about 1 mnute to about 10 hours, and at a viscosity ranging fromabout 1
cP to about 250 cP in order to coal esce the brine into droplets, and then
(b) separating the brine droplets fromt'He crude oil. .A9y. A(Y
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efficient brine droplet coalescence occurs when droplet collision frequency is

increased and when individual droplets can be made to collide with an energy
great enough to overcome the droplets' interfacial or surface tension so that a
larger droplet is formed upon collision. Importantly, mixing energy should not
exceed the point at which two droplets collide to produce three or more droplets.
Furthermore, mixing energy should be sufficient so that the droplets do not
merely collide and recoil away from each other without coalescing, as would
happen in cases of insufficient mixing energy. The presence of surface or
interfacially active species on the droplets' surface may result in raising or
lowering the droplets' interfacial energy. The presence of treatment solutions
affecting such species may further alter the droplets' interfacial energy.
Accordingly, mixing energy under opposed-flow conditions may vary in the
practice of the invention, depending on the presence of treatment solutions or

stabilizing species.

Conventional static mixing is not as effective as opposed-flow
mixing in the practice of the invention because, it is believed, droplet collisions

occur too infrequently and at too low an energy to cause coalescence. In
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macroscopic fluid motion only,

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.
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The invention is further set forth in the following non-limiting

examples.

EXAMPLES:

Example 1. The Effect of Opposed-flow Mixing on Final Salt Concentration,

Two identical crude oils containing 0.5 vol.% water were
combined with 40 ppm of a chemical demulsifier formulation of alkoxylated
nonyl phenol resin. The formulation comprised 45 wt.% of a chemical emulsion

breaker having the formula

OH OH OH

Fo), PO) (PO,

(E0), ﬁo; (E0),

)

O

wherein E is (CH,-CH;), P is (CH5-CH), n=5,R=Cg,x =4, and y = 2;

l
CH,

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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0°C and 200 psi, using two laboratory marine blade propellers configured so
that the top blade's pitch was the reverse of the pitch of the bottom blade. This
mixing geometry and configuration promotes axial flows in directly opposing
manner that increases collision frequency. Impeller rotation was 400 rpm. This
mixture was then directed to an electrostatic desalter, where the mixture was

- subjected to an 830 volts/inch potential at 80°C for one hour.

The mixture of Case B was directed 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 920 84
Salt Concentration in 1bs/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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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 thendirected 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.

TABLE 3
Case A Case B Case C

Total Vol.% H,O 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




4.310%&' ()- #3>7{}4.}10%&' ()- 4.}10%&' ()- 4.}10%&' ()- HVINMNVOMUMYM M ?* nHLO
- 4.}10% ()- 4.}10% ()- 4.}10% ()- #3>7{4.}10% ()- 4.}10% ()-

© TM MaMoMeMIMEMKMW X7NH 109888 () - 10%8&&' ()-' 1010&104.} 10%& () -
#3>7{4.}10% ()- MVNRNNNN| [:yX7nH 10%8&& ()- 10%R&& ()-1 Y109R&E () -
109R&& ()- y' 109R&& ()- F 109R&E& () - NNNOOOOC?yX7nH #3 NBLOYREE () -

109888 ()- 109R&& ()- 109R&& ()- 10%R&E () - O#O( O CRCBO?0O DyX7nH

#109R&& ()- #3 NBLOYR&& ()- 109R&& ()- 109BR&& ()- 10%&&&' () -

-14-

Example 4. Optimizing the Water Concentration in the Crude for Most
Effective Desalting.

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,0 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 ml 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 STV-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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1. 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 about 1 minute to about 10
hours, and at a viscosity ranging from about 1 cP to
about 250 ¢P in order to coalesce the brine into

droplets, and then

(b) separating the brine droplets from the crude

oil.



