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" ;yze3err[46Tr@d. 0 4 JUN 2003 WO 00/ 50541 PCT/ US00/ 02109 -1 CHEM CAL
DEMULSI FI ER FOR DESALTI NG HEAVY CRUDE FI ELD OF THE | NVENTI ON The invention
is related to non-phenolic chenical demulsifier formulations usef ull4 8N 2003
crude oil desalting BACKGROUND OF THE | NVENTI ON Crude oil contains varying
amount s of {yoqo@e@®M ¢ salts. The presence of such salts preeens®/02109
difficulties during crude oil processing such as corrosion of the oil
processi ng equipnent. In order to mtigatie the effects of corrosion
resulting fromthe presence of salts, it is advantageous to reduce the salt

concentration to the range of 3 to 5 ppm by weight of the crude oil. This
concentration cor GHEMICALIDEMHSIFIER FOR/DESAMTING HEAWH dHAE sal ts per
1,000 barrels of crude oil. Anbng the crude oil desalting nmethods in use

today, electrostatic desalting is frequently used with crudes containing

0.5to Z%MtWWed until the crude's water content is in
t he range of X hem cal enul sion breaker is added so that
the oil and the aqueous phases can be separated for storage or further
processing. As used herein, a crude_ oil enmulsion.is a stable m.xture of
crude oil and a suspenddg IBYRREgnds {ﬂlﬁ%@om@wnﬂ’a@%@nﬁcﬁe&ﬂaﬂﬁﬁh of
droplets stabpliz by nat | C i surface active conpounds in the
crude oil. Adﬁﬁr?\“@ﬁ%¥§§e%\ﬂ%?§%§ﬁf##e@ﬂ€uch as clay particles can
contribute to enul sion stabilization. D spersing added wash water into the
crude increases both the average dropl et nunber density and the droplet
surface area BASKGROMNDOMTHE WNVENEION: f ace active conponents,

i ncreasi ng dropl et surface 0 4 JUN 2003 WO 00/ 50541 PCT/ US00/ 02109 -2
area results in a reduction in droplet coverage by the surface active
conponents; this resul Hé‘oﬁ‘.cgﬂlﬁﬁﬂ%ﬁ%‘mﬁmﬂ@bﬂhoﬁgm $dltsy Thed an
-increase in droplet coalescence. In el"ectrostatic separation, weaker brine
droplets in tpesdticeofisuchodalts prsentsidifficultieh duning crude 61l Presrssing SehAssi on

breaker coal esce |n between el ectrodes | ocated,in th il The
coal esced aqu%‘%‘r‘lfﬁk‘%?g PrRssSInG EAPRME 3%0{#&?%%%@8&&;@@%‘3%% oi |
h . Th ' i : fté raduioé ther |
Das ved, PR MG etaS Rl st s Mivuagious ot e ey

be renoved. Tre con ppminorgani ¢ salts is_renoved

fromthe uppegalfxntemfationao senangd of J td Hppmrbydveight ofshosandetaie Bif phase
and the brine phase is an undes

i irable "raq" .l ayer c risin abl e
oi | -wat er enugeoncentration @mﬁmdsmémragma@é? pr?é?‘i% gﬁ&%cgaﬁhc %§P§%5a| ter
vessel or it twerefromfor storage or further processing.
El ectrostati c@égg%élﬁg?ég@et?%esi rably require adding a substantial anount
of wash water to the crude prior to desalting. Frequently, water nust be

purchased for this purpose. Another diffjculty ip.electr staltié: sg@sal ting
results fromthe quant iAmorgthegide qil despltipgm S 19 use, Lodayh PIERTISERS) f may
require further processing be i r L N6 15 Brehhens avedcvated with
el ectrost at i cﬁﬁég’é’lgt’f‘ ﬁﬁq'i“ﬁ’éjg'd%gé g"r‘@@&%@%ﬁ%ﬁ%‘%ﬂsi@yﬁgnd the formation of

undesi rabl e epydabast] the EruisaRlter cotteatisrin sientange dfé a 8ivoh'hasdaes nore
difficult as a crude's concentration of asphalten resi ns,, waxes and

S
napt heni ¢ aci dsenficalemulsine hrapkemnis addm&%ﬁ"ﬂl@trthqeg)a“ﬁﬁ@? agueous phases PG 5 4t
the water-oil phase, poupdar resul t. 1 n,nr j (i i t hat
become nor eI sé&%@d <P9§ gf"ﬁ%g% 3Wr8§eé5lﬂ%'s Aﬁﬁ‘?éfgéggﬁgg%@ (ﬁg%%gggg in

si ze. 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 particies 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 droplet surface
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04 J/'I'Mt~~~ WO 00l 50541 -3 PCT/ US00/ 02109 Consequently, there is a need
for a crude oil desalting nmethod that limts the formation of ungdsiiNeiitie
enul sions, is effective with heavy and waxy crudes, that mnimzes the
Quantity of water added prior to crude treatnent, and that m nim zes the
quantity Of“ﬁIJO}SUSPAPt brine. Sone conventional desalting netcihode/mse a
demul sifier 'having a phenolic noiety. In sone cases, the presence of such a
nmoi ety woul d be undesirable, and there i therefore a need for a crude oil
desalting process that does not nake use of a phenol -containing
demul si fier. SUMVARY OF THE | NVENTION I n one enbodinent, the invention is a
crude oi | desg}dairpehiRliRaEuction v didplaigoverdgs by thecsurface aotingecopipongnteheni cal
dermul sifier formulation, the chem cal denulsifier fornulatio pei ng present
in an anount itdsgesnlis i mdecrbasstin emylsion stability andian HEFS g@& on the
wei ght of the crude oil and containing: (a) about 10 wt.%to about 80 wt.%
based on the REMEHERHH the chemical denulsifier fornulation of a surfactant
having the formula: R3 R~ +~ NH 03S -CH (CH2)zIH) IH-,. (C27C( | 2'i' Rz
R 3 COZ H+N (CH2) x R~ CH3 X . .

In electrostatic separation, weaker brine droplets in the mixture of

crude oil, washwater, and chemical emulsion breaker coalesce in between
electrodes located in the oil phase. The coalesced aqueous droplets then settle
below the oleaginous crude oil phase. The separation may recur in a separator
where an effluent brine may be removed. Treated crude containing 3-5 ppm
inorganic salts is removed from the upper part of the separator. Intermediate
between the oil phase and the brine phase is an undesirable "rag" layer compris-
ing a stable oil-water emuslion and solids. The rag layer may 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.., "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.



"R~ wherein R, is Hor an al koxide of from5 to about 20 carbon atons; 04
~u~ too WD 00/50541 -4 PCTI US00/ 02109 x is an integer of from abogs JBN 2883
about 22 when R is hydrogen and fromabout 2 to about 5 when Rl is

al koxi de; R2 is selected independently fromH, (CH2CH20),"H, and
(CHZCH(C}B)@équEBB is selected independently fromH, (CHAOHMREIPOHI? and
(CH2CH(CH3) O-H, mand n are integers from1l to 50; and y and z are integers
from2 to 10; and (b) about 90 w./a to-&about 20 wm. % based on t he wei ght

of the chem cal demulsifier formulation of a delivery solvent selected from
the group consisting of dipropyl ene nonobut

| ether, aromatic naphtha,
i soparafflnic sol vent, Copsdquenthy ftiidreisca ses ﬁﬂFf‘&iecﬂ’r]a&’ls t’é‘&l'@@'ﬁ?‘?&ap
ot her -enbodimantie oreatanelHeabE drsieRh P efiser RN heh AR wakgr SO 1
anot her enbo , sPt1 0N conmpri sl ng a crude o
containing a brine leki dedl pribrao ehaei treatmeremandsi f i er
GBS iz e dalEty b UaleriRadad friordo

formul ati on, emca er formul ation being present in an
anmount rangi n@af mitiiides thie quanfity ¢fefibenttbrine, 000 ppm based on tile wei ght of
the crude oil and cont ai ni ng: 0 4 JUN 2Q03 WD 00/50541 -5 PCT/ Cf SO0/ 02109

Some conventional desalting methods use a demulsifier having a
phenolic moiety. In some cases, the presence of such a moiety would be
undesirable, and there is therefore a need for a crude oil desalting process that

does not make use of a phenol-containing demulsifier.

SUMMARY OF THE TION

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

comprising:

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 10,000 pm based on the weight of the crude oil and containing:

(a)  about 10 wt.% to about 80 wt.% based on the weight of the
chemical demulsifier formulation of a surfactant having the formula:

R, R Tz Ry

+ PR
N'HO;8-CH-(CHz),— CO; HN

|

(CHy), ~ (CH)y (CHy),

| |

R; CH;s R,

wherein R, is H or an alkoxide of from 5 to about 20 carbon atoms;




- (a) about 10 wt.%to about 80 wt. % based on the weight of the chem cal

denmul sifier fornulation of a surfactant having the fornula: R3 R~ +0 4 NUN 2003
HQCH2~RL ~Z R+ ~3is -CH(CH2)Z- CZ HNH ( 2~r (CH2)x CH3 R "whereln
R, is Hor an al koxide of fromb5 to about 20 carbon atons; x is an integer
of $om abougv(ﬁm;s& gbout 22 when R is hydrogen and from abowus@/ioem9about S5
when R, is alko e; RZ is independently selected fromH, (CHZCH20) ~H,
(CHCH(CH3) O ,H, R3 is independently selected fromH, (CHZCH20)"H,
(CHZCH(CH3) O ~H, mand n are integers ranging froml to 50; and y and z are
integers ranging from2 to 10; and (b) about 90 wt.%to about 20 wt. % based
on the weight of the chem cal denulsifier fornmulation of a delivery sol vent

aphtha, 04 JUNAEsinkBeDe) Bomaboutt HCAUGE SRaY 1 ixasEh Rk e T €

sol vent, cycl oparaffi ni 0 L 030l vent, di et hyl ene gl ycol
nonobut yl et her, b@%?ﬁgﬁgé%whgﬂg' m X (Exr'%és)’ t hereof . BRI EF DESCRI PTI ON OF

THE DRAW NG Figure: 1 shows a dynamc interfacial tension plot for a crude
oi |

R, is selected independently from H, (CH;CH;0)mH, and

(CH,CH(CH;)O)nH;

R, is selected independently from H, (CH,CH,0),H, and
(CH,CH(CH;)O,H;

m and n are integers from 1 to 50,
and y and z are integers from 2 to 10;

and

(b)  about 90 wt.% to about 20 wt.% based on the weight of the
chemical demulsifier formulation of a delivery solvent selected from the
group consisting of dipropylene monobutyl ether, aromatic naphtha,
isoparaffinic solvent, cycloparaffinic solvent, aromatic solvent, diethylene

glycol monobuty! ether, benzyl alcohol, and mixtures thereof.

In another embodiment, the invention is a composition comprising
a crude oil containing a brine of salt and water together with a chemical
demulsifier formulation, the chemical demulsifier formulation being present in

an amount ranging from about 1 ppm to about 10,000 ppm based on the weight

of the crude oil and containing:



+ sanple with and wi thout the chem cal denulsifier fornulation. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The invention is based on the di scoverﬁ tﬂg\{mm
bri ne dropl et coal escence in crude oil can be enhanced by adding ch r4‘1
enul sion breakers to the crude oil emrul sion and then subjecting the m xture
to el ectrosiygjdomosiesal ting. Typically, brine droplets in CETYSNIRIOare
stabilized by a m xture of surface active conponents such as waxes,
asphal tenes, resins, and naphthenic acids+that are electrostatically bound
to the droplet's surface. Such conponents provide an interfacial filLn over
the brine droplet resulting in highly elastic collisiqgns betwe nvﬁropl ets
during processing, resula)inabbut H) w.¥% orabautBbpt & bassd oadhe Hesht e the
i nvention can be practiced with apy crude pil cont gini it 1t 0S
preferably practi c@&%@k&%‘é’i@%&%%?ﬁﬁ@“@ﬁ g }%ebg‘%ytﬂ%?& waxy crude
oi I's have one or nore of the fol powing characteristiRgs: (a) The crude oil
has an APl gravity rangi ngRZrom/a?Jout 5 to about 30. 634 JUN 2003 WO
00/50541 _'j PCT/ US00/ 02109 Xb)/ The crude oil has a h¥gh naphthenic acid
concentration, characterized NyH®:Ri-gH-(GHN —GRaA Yt he TAN nunber
represents the nunber of mll ilequi vallents of potassi um hydroxi de required
to neutralize 1 gram of crudeqil). The fractio the crude oil
sol ubl e in N-heptane ranges fﬁcg*ﬁk(abo@% 5wm.%to gi:)g%)f‘ 15 wt. % Adding
water to the crude can decreage the anount of the sufface active conponents
on the surface of each dropl eR,becausiHst he nunber ofRdroplets is increased
W t hout i ncreasing conponent concentration. It has been discovered that the
anount of added water required for desalting nay be nninimzed by adding a
cheni cal enul si on- heakeR, iPHdtanalkokidet dfdrom § to aboui 20 erben afeMsci ng t he
surface active conponents fromtire brine droplets. Chem cal
enul si on- breakers useful in the practice of the invention do not have

phenolic noieties. Rreferably).the.c i | S {Qﬁ;hﬁ{ nah& from
three-tailed surfaXtSif DR &of'h%bqr&grg]rtﬁ%?ﬂé?lﬁzg @&E}I{PI{‘I 035 -CH (CH2) z
about 2 to about 5 when R, is alkoxide;

R, is independently selected from H, (CH,CH;0).H,
(CH,CH(CH3)O)uH;

R; is independently selected from H, (CH,CH,0),H, (CH,CH(CH;)O)H;
m and n are integers ranging from 1 to 50;
and y and z are integers ranging from 2 to 10;

and

(b)  about 90 wt.% to about 20 wt.% based on the weight of the
chemical demulsifier formulation of a delivery solvent selected from the

group consisting of dipropylene monobutyl ether, aromatic naphtha,



"1 IH~2'Y 12 Rae CO HNIH2)X R CH3 Rt wherein R is Hor an al koxi de of
from5 to about 20 carbon atons; x is an integer of from about 8 t%zmm‘ﬂn
Rt=H and fromabout 2 to 5 when R, is an al koxi de; 0 4 JUN 20Q@3 ‘
00/ 50541 PCT/ US00/ 02109 -9 about 5 ppmto about 10,000 ppm based on the
wei ght of theomsesde oil, wth about 20 ppmto about 40 ppRCHERWEG219P ef erred.
In the preferred enbodi nent, a crude oil and a chem cal denulsifier
formul ati on are conbi ned and then desal +éd under el ectrostatic desalting
conditions. Electrostatic desalting is known to those skilled in the art of
crude oil processing. Accordingly, the yde i s desalted in v el havi ng
el ectrodes at pot dsepasaffinjcospdyenty oyelonar ?SQWF%NW“FSWIVS“;%%&)%S& 000
volts, A .C. or D.C, Volt i y i : range from
about 500 volts pegly?ﬁ%&g@u%g@f’e’%aﬂg voﬁafs’ aggrnh?ﬁ%%s?ﬁ%?gger ably at a
potential ranging fromabout 500 to about 1,000 volts per inch. Crude oil
tenperature ranges 220F to about 300F, and residence tinmes range from about
1 to about 60BRIBGDESCRIPTIONOF THE DRAWEING 1 t o about 15 minutes. Ilrthe
practice of the invention, m xing energy may be applied to the m xture of
the crude oil enulsion and chem cal denulsifier fornmulation in order to
i ncrease brine dropl et gagkashewsa dyaific diteefackil nsniplotfoed cride dik
inportant to carefully control mxing geonetry and mixing energy. The
m xi ng may besample svithi andawitifous thet ¢ghemyc ldcmpb&@‘cfoﬂﬂwmhnd may occur in the
sanme vessel as electrostatic desalting. In opposed-flow m xing, two or nore
counter-currents of the m xture of crude oil enul sion and chem cal

derul sifier im@%ESCmMQFﬂHEQMMIMHH(OY i npel I er) and
opposed jet { confrguratrons are nonlimting exanpl es of
opposed-fl ow m xi ng. Inthe opposed-propeller geonetry, at |east two
counter-rotating propel].ers are i, rgsed jn.th r i phe mxture in
order to form opposed 4“?1%@1“%9@)056‘1%6’55,%%%%8%% - 10 streans
wi thin the m S Can SndEPtyddding Elieaiicd emilsios bréakese i n

t he vol une be?é%éesge?%gﬁp??%%e er s.eé'#&e propel l'ers may be in close proximty
in the same res@hecide oil enalsionlanditiendiubjecting thermiytenedo glectragtaiine vessel ,

or in connected vessels or reseryoifs with baffle . pipe mti);i”yi i ng

conducti ng nedesalting: Typicadly; P@“‘t‘XF@P ’ééﬁ%detQ}I ﬁrerszﬂWege opﬁo(ged-f | ow

T X NG can oCel RakAIEL GhoheRHGcR s QRS hifhlBRACIAHS, didRphilehicanul ar
R N S

speed, and t h& y conducti ng nea may be determ ned by those
skilled in thgcjas thaphrerdledtrogtatically tount o ehepdroplet's surfacsu Such gompares ty and

01 | - br' e m xpuavide i otspticisl m e AR DaRg Acipiet B AEr MBS BFHEL T g roans

such as pipes _ag.e. U ' {ﬂtﬁg% Fd3hRind"n ARARSehdd ideeplet
configurati Ongok&x@g?ﬁ?ﬁ&?& ‘{priée}g fion ﬁ?é?ﬁg% axes (the axes in the
direction of thf¥dcemdrd the outlets of the pipes are oriented so that the

streans inpact and intermx in a region between the outlets. Preferably,
two opposed pipes are enployed and the angl e subtended by the | ongitudi nal

axes of the pipes is a%ﬁé’%ﬁ%@%@ﬁé@%ﬁéﬂ?aﬁwWﬁf&@dé@“ ediithi ? 7l es

or jets. As in the oppo ry, paraneters such as the
surface area QfyrinRejt GOFYeFritly ptdeficéd With heawy eif wivhyecrade bils.eHeavyt erew@hdui t s,
the size and shape of ‘any nozzle or jet enployed, and the di stance between
the outlets nemdewilidave ohsmerimpse afithe following elaracieRCSart of ni xi ng from
m xture properties such as m xture viscosity and the desired m xi ng energy.
| nportantly, when mxing is used, the m xing~energy rate is controlled in a
range where brine dropl 5 C O FhdR GiEhAACHRUAB] grivity gangirtg fromiabontS tner gy
woul d result in brine droplet break-up, and too | ow a m xi ng energy woul d
result in too few bbout80dropl et collisions. Mxing energy rates (mXxing
power) ranges from about 0.1 hp per 1000 gallons of the m xture of crude
oil enul sion and chem cal demulsifier to about 3 hp per 1000 gallons, wth




0 4 ~uN z~or WO 00/ 50541 PCT/US00/ 02109 -11 about 0.2 hp per 1000 gall ons
to about 0.5 hp per 1000 gallons being the preferred range. The ingjq.ny[jhpmM
can be practiced when the m xture's tenperature ranges from about 20 t
150C and vi scosity ranges fromabout 1 to about 250 cP) Preferably, m xture
t enper at ur ey q,wg&; from about 80C to about 130C and vi scoBCTYSWARERs from
about 1 to about % cP. Care should also be taken to prevent undesirable
wat er vapori zation during m xing. Water -Vapori zati on can be substantially
reduced or prevented by increasing mXxing pressure. In sone cases, it may
be desirable to add a small anount of wash water t

! Q the brine-crude oil
mxture in order to opt(b) zé’hblcmdccnélh%@e}nebﬂﬁﬁt@"dﬁﬂclgt‘}%‘?&“%&ﬁ?“’salt t hat
i t t i br | hase.. Wi yagh vat
anges Trom abour Ghesmeteiah gy e TN antneh{His 123k RamBlr ARSI T

ranges from about €hamctenzg ased on the tot aldyol ume of
the crude oil, preferahl '1&@;@&%&&- tdseiuabydrodde requiredito wewtralizaot
w shing to be bounlfl 3@4}%‘;@ eory, it ips% believed that efficient brine
dropl et coal escencegrmeof srudieil).dr opl et col lision frequency is increased
and when i ndividual droplets can be nade to collide with an energy great
enough to overcone the droplets' interfacial surface tension so that a
| arger droplet is formggyup b5 bPthe Mg oilrsoluble in N-hemane rangeng ener gy
shoul d not exceed the”gg? nt qute%lhc two droplets collide to produce three
or nore droplets. {omemoat0.5mtdorg abotrifwe¥oul d not be so small that the
droplets nmerely collide and recoil away from each other w thout coal escing,
as woul d happen in cases of insufficient mxing energy. The presence of
surface or interfaciall ' | G54 Barl R r&hs RleQinfouns of fircasfacan
result in raising or Io‘&g&g%g %Zgggo%ﬁets' surface or int erfa%i al .energy.
The presence @ftijd Qhpohehtsonl thé bufieceaf eadt droglet bmuspté@ir@@hﬁﬁy er
alter the droplets' interfacial energy. Accordingl, ] XJ ragder
opposed- f | ow doimdreaseshwithent m@rpgsmmcqm@nenbc%‘csgﬁ%gl %r%gﬁgggg%c
PCT/ US00/ 02109, - 12 pract | 0 j orisalflfp /idY i beGninimized byr esence of
treat nent sol LEIWGﬁ%mg?‘“@tog%?ﬁdfzgﬁggﬁéqsmgg@?es. Conggn ional stati cg(r}hxi ng is
not as effect ia\ig'mgsa ARRREA enifulsiom-bickergo itire ¢rnde hanistdapableof displasingdhe
because, it is believed, droplet collisions occur too infrequently and at
too | ow an ensug‘ycdmﬁvauempomﬁl%ﬁ@@ﬁéébmﬁd&ﬂi‘?}%nti onal mixing, the
nei ghboring droplets are at rest or nove at small velocities with respect
to each other) the energy of mxing being directed towards macroscopic
fluid motion. It shoul dchemftat aflulsivatbreakeesastfiillin theprastiocepfithe veBPH one
bri ne dropl et coal escence even in cases where the , crude,Qi I_Bg?r?kggaggxture
I-On.

does not cont alonc heespheviotic exoietiesa Ryefexably, the ehemieal emulyiop

Accordi ngly, opposedf]ow. m xi ca sg¢d to rempve droplets of any
undesi rabl e Ii%%?&pﬂ?f@?ﬂmg?‘i’l Ilgg'conti nuous phase of a second
liquid. In addition to cr ugioi 1lgine m xtures, sucth}?gt wes include crude

D}

oi | products that contain ocesgwater inpurities, dfo 2ts in crude oil
products resulting fromthe ™se/of liquid hydrophi]#+gZcatal ysts, m xtures
derived fromthe neutralizati 6‘%“&?3 qﬂT@ﬂ?ﬁd&D{g’lh r products derived
fromcrude oil, and m xtures derived fromthe causti¢ treatnent of crude
oi | products and pol yurea. It B, advaoHggeous to use(omia))xosedflow m xing to
enhance dropl et coal escence iﬁ m)’kturts hat do not dontain a demul si-fier
or treatnent solution when thel presence of such a denulsifier or treatnent
sol uti on woul d be inconpatibl eRpi th o€Hwoul d ot herwi & undesirably affect
the m xture. As set forth above, chem cal denulsifier fornulations and
opposed-fl ow m xi ng, . whathe b SRHYoie20 carbomamssef ul in

i mprovi ng el ect rost%??rﬁmﬁbléw(?iﬁ% %&%@gesﬁs‘féiyﬂl% addition, it has been

di scovered 0 4 ~uN zoo3 WO 00/ 50541 PCT/US00/ 02109 -13 that such m xing

and formul ati ons, alone or in conbipations,, are yse ko [ ot her
conmon forns of brin&mintﬁsemﬁﬂ%ﬁgm&tq ©r2 ‘é’f]ﬁ‘hﬁé_gﬁgé%ﬁaa@%ugg t?gettl i ng)
and centrifugal sepagatjon. | .avitational separation, for exanple, the
i ncrease brine dropWé?ngi kseanrarei‘é‘%{‘ i'ng fromthe use of chem cal denulsifier
fornmul ati ons, opposed-flow m xing, or both) shortens the retention tine
necessary for desalting. EXAMPLES In order to illustrate the invention one
menber of the surfactant class was synthesized. A C 18 hydrocarbon chain

| ength amine with a 10 nole ethyl ene oxide was neutralized with 0.5 nol ar
equi val ent of sulfonated oleic acid to result in the triple tail
surfactant. For the surfactant used in these exanples, R is H RZ and R3
are (CH2CH20),0H, x is 18, y is 8, and z is 7. The chem cal denulsifier
contai ned SO wt. % of the surfactant and 50 wt. % of di propyl ene gl ycol

n- butyl ether delivery solvent. A heavy crude blend { 1:4 San Jaoquin

7y 11 A ~=my N o o AT a1 ~ - . g, o, M



- seconds of contacting of the aqueous and oil phases. Figure 1 shows the
interfacial tension versus time profile for the SJV/ANS crude bl eng pyjiNmes
dermul sifier and with 20 ppmof the triple tailed surfactant demul sifier

f ornnul ati on nmeasured agai nst brine. W observe that the 0 4 JUN 2003 WO
00/ 50541 PCl,\deRf2402109 - 14 emulsifier formulation not oRCTHUSONRE t he
crude-brine interfacial tension to a value of <5 dynes/cm but the
equilibriuminterfacial tension is reach®d within 3 seconds of introduction
of sea water into crude oil containing the denulsifier. The effectiveness
of the demulsifier fornulation in rapidly reducin he interfacial tension
i s indicativebeit pprand amumwmﬁwdmi%wmgséﬂm%@ Wil anple 2 -
Desal ting Performance A crude oil gl.end €9 i sing 50 gns of San Joaquin
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Turbul ence PrR(ég %lrJ 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 from

about 500 to about 1,000 volts per inch, Crude oil temperature ranges 220°F to

about 300°F, and residence times range from about 1 to about 60 minutes,

preferably from about 1 to about 15 minutes.

Irr the practice of the invention, mixing energy may be applied to
the mixture of the 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) confi gurations 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
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separated into at least two streams. Conducting means such as pipes are used to
direct the streams into an opposed-flow configuration. Accordingly, the
longitudinal axes (the axes in the direction of flow) and the outlets of the pipes
are oriented so that the streams impact and intermix in a region between the
outlets. Preferably, two opposed pipes are employed and the angle subtended by
the longitudinal axes of the pipes is about 180°. The outlets may be in the form
of nozzles or jets. As in the opposed propeller geometry, parameters such as the
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 would result in brine droplet break-up, and too low a mixing
energy would result in too few brine droplet collisions. Mixing energy rates
(mixing power) ranges 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
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solutions affecting such species may further alter the droplets' interfacial energy.

Accordingly, mixing energy under opposed-flow conditions may vary in the
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practice of the invention, depending on the presence of treatment solutions or

stabilization species.

Conventional static mixing is not as effective as opposed-flow
mixing in the practice of invention because, it is believed, droplet collisions
occur too infrequently and at too low an energy to cause coalescence. In
conventional mixing, the neighboring droplets are at rest or move at small
velocities with respect to each other, the energy of mixing being directed towards

macroscopic fluid motion.

It should be noted that opposed-flow mixing results in one 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 frdm 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 alone or in combination, are useful in

improving electrostatic desalting processes. In addition, it has been discovered

10
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that such mixing and formulations, alone or in combinations, are useful in
improving other common forms of brine-crude oil separation, such as gravita-
tional (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,

EXAMPLES

In order to illustrate the invention one member of the surfactant
class was synthesized. A C18 hydrocarbon chain length amine with a 10 mole
ethylene oxide was neutralized with 0.5 molar equivalent of sulfonated oleic acid
to result in the triple tail surfactant. For the surfactant used in these examples,

R, is H, R; and Rj are (CH,CH;0)10H, x is 18,y is 8, and z is 7. The chemical
demulsifier contained 50 wt.% of the surfactant and 50 wt.% of dipropylene
glycol n-butyl ether delivery solvent. A heavy crude blend {1:4 San Jaoquin
Valley (STV): Alaskan North Slope} was chosen to demonstrate the invention.

Example 1 - Dynamic Interfacial Tensiometry Performance

Dynamic interfacial tensiometry was used to determine the
dynamic effectiveness of the demulsifier formulation. It is desirable to lower the
crude oil-brine interfacial tension to a value of <5 dynes/cm within about 2

seconds of contacting of the aqueous and oil phases.

Figure 1 shows the interfacial tension versus time profile for the
SJV/ANS crude blend without demulsifier and with 20 ppm of the triple tailed
surfactant demulsifier formulation measured against brine. We observe that the
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emulsifier formulation not only lowers the crude-brine interfacial tension to a

value of <5 dynes/cm but the equilibrium interfacial tension is reached within 3
seconds of introduction of sea water into crude oil containing the demulsifier.
The effectiveness of the demulsifier formulation in rapidly reducing the

interfacial tension is indicative of potentially good demulsification performance.

Example 2 - Desalting Performance

A crude oil blend comprising 50 gms of San Joaquin Valley (SJV)
and 200 gms of Alaskan North Slope (AN S) was prepared in a 500 ml poly-
ethylene bottle. The mixture was tumbled for about 20 mins in a conventional
paint mixer type tumbler. This starting blend was analyzed for moisture and
chloride content (entry #1, Table 1).

20 ppm of the chemical demulsifier was added to the blend, and
the resulting mixture was tumbled for about 20 minutes before being divided into

two sub-samples.

Sub-sample 1 was subject to electrostatic desalting at 80°C for 30
minutes. The treated crude was analyzed for moisture and chloride (entry #2,

Table 1).

Sub-sample 2 was subject to opposed-flow mixing, as set forth
below, prior to electrostatic desalting. The treated crude was analyzed for
moisture and chioride (entry #3, Table 1).
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200 grams of sub-sample 2 was added to a 300 mi autoclave
equipped with two laboratory marine propeller mixers (1" blade). To create
opposing liquid flows, the top propelier's pitch was reversed compared to the
pitch of the bottom blade. This arrangement directs the top blade's liquid flow
downward and opposite to 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 water vaporization. 'ﬂm sub-sample
was mixed at about 400 rpm, 80°C at a pressure of about 1000 kPa for 30
minutes. The mixture was cooled to room temperature with ice cold water
surrounding the autoclave, while the mixer speed was at 200 RPM and the heater
turned off.

As a control, the crude blend without addition of chemical
demulsifier formulation was subject to electrostatic demulsification alongside
sub-samples 1 and 2. The treated crude was analyzed for moisture and chloride

(entry #4, Table 1).

Electrostatic desalting was conducted in a model EDPT-128™
electrostatic dehydration and precipitation tester available from INTER-AV,

INC., San Antonio, Texas. Demulsification was conducted at an 830 volt/inch

potential for 30 minutes at a temperature of 80°C.

Results in Table 1 demonstrates the effectiveness of the chemical
demulsifier formulation. The formulation is effective in dehydrating (80%) and
desalting (<5 ppm chloride) the crude blend when subject to electrostatic
demulsification.
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What is claimed is :

1. A process for reducing the acidity of a petroleum oil containing organic acids
comprising treating said petroleum oil containing organic acids with an effective amount
of an alcohol at a temperature and under conditions sufficient to form the corresponding
ester of the said alcohol and wherein said treatment is conducted in the presence of a
metal carboxylate; with the proviso that said petroleum oil containing organic acids is an
acidic whole crude oil or crude oil fraction, and said alcohol is selected from the group
consisting of alkanols, alkane diols, and mixtures thereof.

2. The process of claim 1 wherein the petroleum oil containing organic acid is
petroleum oil containing naphthenic acid.

3. The process of claim 1 wherein the process is carried out at a temperature, ranging
from about ambient to about 450.degree. C.

4. The process of claim 1 wherein said alkane diols are C.sub.2 to C.sub.6 alkane diols.

5. The process of claim 1 wherein the molar ratio of alcohol to organic acid in the
petroleum feed is about 0.5 to about 20.

6. The process of claim 1 wherein said metal carboxylate is added to said petroleum oil
or is formed in situ in said petroleum oil.

7. The process of claim 1 wherein said metal carboxylates are selected from the groups
consisting of metal naphthenates, metal stearates, metal palmitates and mixtures thereof.

8. The process of claim 1 wherein the amount of metal carboxylate ranges from about
0.5 to about 20 milliequivalents of metal carboxylate per kg of petroleum oil being
treated.

9. The process of claim 1 wherein said metal carboxylates are metal carboxylates of
metals selected from the group consisting of metals of Groups IA, IIA, IIIA, IIIB, IVA,
IVB, VIIB, and VIIIB of the periodic table of elements and mixtures thereof,

10. The process of claim 9 wherein said metal of said metal carboxylate is selected from
the group consisting of Li, Na, K, Mg, Ca, Sc, La, Ti, Zr, Mn, Co, Al, Cs, and mixtures
thereof.

11. The process of claim 1 wherein said alkanol is selected from C.sub.1 to C.sub.6
alkanols.
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13. The process of claim 12 wherein said alkanol is methanol,



