;89:;e3enffgi|j<Tn6nTnk PCT/ U599/22184 ~ TAL COVPOUNDS AS
ACCELERATORS FOR PETRCLEUM ACI D ESTEjﬂWWﬁmmmEWBEFELD OF THE | NVENTI ON The
present i nveys p@ivsiel ates to a proce ng the aci dpty,8khars
corrosivity of petroleumoils. BACKGROUNDG®FZTHE | NVENTI ON ol e crudes
and crude fractions with high organic acrd content such as those1?ﬁ@§%@| ng
carboxylic acids, specifically napht henic acids are corrosive to

equi pnent used to extract, transport and process the cruses. Solutions to
t his probl em have i ncl uded use of corrosion-resistant alloys for equipnent,
use of corrosion inhibi tMETAlaAOMPOUNDS ASi ACCEHL.ERETORSNIi ¢ acids with
vari ous bases. Efforts tRORIPETROLEUNRACIDAES TERFICOSTION have i ncl uded a
nunber of approaches by neutralTzing and renovi ng e acrds fromthe oil.
For exanple, U S. Patent 2,302,281 and Kalichevsky and Kobe in Petrol eum
Refining with Chem_ cals E 1956%, Chapter 4, disclose various base
treatnents i E 1 ions, e.g., using bases such as ammoni a
(page 170). U.S. Patent 4,199,440 discloses treatnent of a liquid
hydrocarbon with a dilute aqueous al kal i ne solution, specifically dilute

2gﬂgggswl\l??-lt (Ca)'[ r gz?l-lkyl a n| um %% oxr %QS @e%ﬁ@%éﬁﬁ‘tafﬁ%%ﬁ@&‘b&g

trial kyl si | apd crRsivi éﬂ;ﬁ&ﬁ& US/ 13689 and US/ 13690 (Publication WO
97/ 08270, 97/08271 an 08275 dated March 6, |1997) teach *tshgssuse of G oup
| A and Goup 11A oxi des and hydroxi des to treat whol e crudes and crude
fractions to decrease napht henic acid WO 001 20532 P 17 MAR
208 -2 contRAEKGE b QETHE INVENTIQNS ¢ oses t he t Wﬂ”m ﬂmﬂi’

car bonaceous materi al partr cularly coal and its products, heavy ol

vacuum gas oil, petroleumresids having acidic functi onal ities wt h a

di l ute quater nary basaynhsichuadss &%Eﬁ@ Wg % {;ggid;érg])gaerkl quid

(al cohol or water). This patent was physi cal
char act er i stsuch aothdseeoptaiingtcarioo/liti ztzds;tspaciﬂmgsmmﬁh@memﬂ@ arof acidity
reduction. It is known that mineral acid catal yze nucl eophilic additions
(esteri fi catciooopivsftodhe bgupmient as¢ditn extractaransportsand process the cr(udee for

exanpl e, Streitw eser nd, Heat hco | ntroduction to Or
Chemi stry, SQUyeR .thsarrob@ﬁsbwmf@!dc% oa’ferrosmvrs%rant 508 ti on of

such m ner al tQ.£ ¢ a d be
count erprodugﬁ $\/rga1sti '(‘r?rsceeaﬁa‘gc}ﬁc}gs}{m?lr 0 IB“&S %ﬁ&iﬁfd&l A" ?kl{(;&' %@%ﬁlgv@ an acid
reduction. Qpigh VRdbek BREes! Y be replacing one acid wi t h another. Wile the
above processes have achieved varying degrees of success there is a
continuing need to develop nore efficient methods for treating acidic
cruder. SUMVARY OF THE | NVENTI ON The present .inventiogon relates to a process
for reducing the aci diif§orss toampummss elgant; acid sarrasian hgve mpanded ap

G Toct ve b anprarnEnbe nESkARAEY A teni@Ah HRAKIE ORI AR, one ™"
suf fici ent fesz 110 BepaRnt 23001 N ERARERSIcP A Kb U Plerrddinihesal n sai d

treatnent is conddcted In the presence of a car boxyl at e _
001 20532 PChg)8af CRéitcals @956}, ChdpRer2Ddlisclbse varias hiasé trestnidntsofoiys =
sui tably conprise, consist or consjist essentially of the elenents disclosed
and may be pRderudefactionsye.gattsing basss sueh a5 ameanis (Ragdilgo).oLes. Patemal LED

DESCRIPTIC]\I HE. | NVENTI ON S t I | 1 ds t hat
oontri but o Aol AR AR ssmwi’q”q%g?éfﬂ" RgatoR PR A Bagasar e
diffi [t t |1

ol ' b O REBEBLGiSH SR e D PO, LS bR LY
acid is a genedd 624 %a@hesseéaﬁ&ntsd@rudlw cRudesivith Gethd aﬂ@ﬂﬂaﬂrcﬁmﬁﬁl ds present

in petrol eum st dcks. Napht henic acids may be present ther alone or in

conbi nat i on hyidtdxide aed UhS gPatent 53,6143,3139a1sehnmlk}dbﬂmdlstes NRQIT USH6(13688 s
al one or in conbination wth other organic acids can cause corrosion at

t ﬁrrper a':] UL e&JS/Aﬁésﬁgnd Uﬁﬁ%ﬁﬂ%ﬁP@@a\lonwlﬁ)9l/@8W|§O@7(oﬂ§@' t)and@ngﬁﬂhﬁon of
eriner . Thdafsd Wardin 1P teactithetsk BE Crih T and ot dt A amdsS andn he
whol o cr ude 130 S0GE R PO SMiE Qﬁ“&?%@ﬁﬁ@%ﬁ?%@ BsERaSe Pl nizaRid o, "

vapori zabl e at the tenperatures at which the present invention is carrred
out As used herein the termwhol e crudes neans unrefined, non-distilled
crudes. The petroleumoils are preferably whol e crudes. Unexpectedly,
Appl i cants have di scovered that petroleumoils containing organic,
specifically naphthenic acids, may have their naphthenic acid content
reduced srnply by treatnent mnth an effectrve anDunt of aIcohoI in the

o Y Y o . N e o N 1 ——
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that will produce | ow ash when burned unlike petroleumoils treated with

i norgani ¢ oxi des and hydroxi des. Indeed, the esters produced fromreaction
of the aci cohols may be left in the treated petrole il without
any detri rreqﬁ?gjiaggﬁkect. The al cohol s usable herein are com*repg}‘&s%{/ms"
dvail abl e. The al cohols may be sel ected from al kanol s and al kane diols. The
al kanol s are preferably those having C, to C6 carbons and the al kaﬂ?m&ﬂu?
are preferably those having C2 to C6 carbons. Preferably, the al coho f

be net hanol or ethanol, nost preferably nethanol. The al cohol s usabl e need
only be capable of formng a thermally and hydrolytically stable ester with

the acids cqntain ik @l € il qbej { [ eat Choi ce _of al,cohol s
nmeet i ng thgogteé\"eigﬁ ?gﬁcfﬁi?@b@gﬁ i#é}]lggc%('Jl}ﬁ)hgg%ﬂ%b%,e%ﬁ%og%eppﬁﬁméﬁqlsan.

Tr eat ment d %Emt i LfaC yg?% Gl @il wth
an al cohol %Isﬁ‘gg%@fltcggd erg?}r?%uggh%lac i Hgs(’)??rres @Se&ng ﬂ%#o{lﬂgﬁza lgére of
the petrol ddiny Acidie! fodictiodities vatitla 'tiilﬁtc%ia@cm bade, shyRiagal | y, contacting
Wil WO 00/ 20532 PCT/ US99/ 22184 -51 7 R 20 be carried out from

m nut es t oteteamethlyldmomosiumibydoxede jr eliquidg{alcohoh er svate) c tThis patens wakat
necessary to forman ester, of the alcohol and acid. The netal salts of

car boxyl i cagBed gt unproviaglyiskdscand phsical eharaeteastes of thenprasiuictsrard didt i on of

t he al cohol and,organic acids.in the petroleumoil being treated. Likew se,
there is n8°ﬁaaﬂﬁ$gﬁ§c%‘éq8§9%fﬁ@*dftp{efe NGHOM: £ i cation in oils where the
esterification would occur at an acceptable rate in the absence of the
nmetal salt of carboxylic acids. The netal salts of carboxylic acids which
can be utilized in tHgjd igpwanthat Mifdthl Kid caglyaenudlebplilie AHfitddgm ted to,
nmet al napht henates, palmtates, stearates and m xtures thereof. The netals
of the net &stepficaticaf) cfaathmxylic acadsi with alephbls canl ecdued (SeqnrioCexample, | A,

[TA TITA 1I1TB,, IVA, VB, _VLIB, and VII|B (see Basic Inorganic Chem stry,
Cotton & WBtIeitNGeser, Jroand Hegthopek.dptrpductiontp, Oggamyg Cheanisty, secondTi | 7r |

Yo" the or ubeiin SaelRy 18 bR A0 Thayerst wiAdiodR e se R ¥y A e B0 0r o
metal deri Eﬁ%ﬁgf orfaric Iac(:jjﬁ%‘ Wﬁetr&%%cbgisqgoﬂﬁ B%C&F&ﬂtéﬁﬁlbﬁﬁ@ﬁ\?e sihf@hcigeact s

wi t h the napht heni s Iinthe crude to forma netal salt. Alternatively,
a crude al weady beadded v te dibtcichievemradidreductivry. Oneaveuldmasbhbéenat es,
may be bl ended with the crude having the acids to be esterified. The anmpunt
of netal cteplesipgane asihwithragetherom about 0.5 to about 20 nilliequival ents
of netal carboxylate per kg of petroleumoil being treated. WO 00/ 20532
-6 1 7 MAR 20D3 The nol ar ratio of alcohol to organic acid in the petrol eum

oil can range from .aWI 9165330%ﬁg%S%%avgragﬁg{}%wﬂ?%gﬂ%%éﬁ& about 15.

The extent of esterification can‘be estimate I roscopy,

whi ch showsyét eds Bic@@ $€a ontiniiifg i‘abéd/td)de\ﬂelt?; th6PS effitienPiiethod! fok i to
carboxylic groups. A new band appears at 1742 cm|, attributed to ester
groups. | nasudiecnmees, napht henic acids are partly converted to ketones,
whi ch give a band around 1715 cm To di stingui sh between a ketone and a
carboxyl band, the sanple is treated with triethylam ne, which elimnates_

t he carboxg 6 £ ne band unchanged. The concentration™
of acid in f expressed as an acid neutralization
nunber or acid nunber, which is the nunber of mlligrans of KOH required to
neutralize the acidity of one gramof oil. It nay be determ ned according

to ASTM D-664. Any aqhdipreseft irleftioh eelhtesey alprotéssafoe dedinsing dhengeidivy t he
present invention, for exanple, oils having an acid neutralization nunber

of from 0. 6f agpetolewn Kilogtaining orgame acids gomprising treating said patralewnnt ent
may be determ ned by a decrease in th?f neutralizat'onaﬂquo}g?r or in the

i ntensity ©H GORAIRIBSAIEINIC Iaids With eR etfeci Yeamuahet an ab8ut 1708 cm 1.
Pet r ol eum gj | Lt h_agi d.nunbes f . | 0 . CONSI ed to
be of mde‘re&éer‘ﬁ@r;wﬁ&xgprroc&g@ﬁ?}% %ﬁ&gﬁteﬁ?#ﬁn@evﬁﬁésgghmgééﬁb greater
than 1.5 a ' : | Wk [ [

carboxyl v ad et apA wufeptin 2ald Rearfiehfls R e Ires R TR ERF et
i nvention. ciidok9laeeim oi | s are very conplex mxtures containing a w de range
of contam nants and in which a | arge nunber of conpeting reactions nmay
occur. PCT/US99/22184 Thus, the reactivity of particular conpounds to
produce the desired neutraliza WD 00/20532 PCT/US99/22184 1 7 MAR 2003
tion is not predictable. Unexpectedly, in the current process the acidity
of the oil is effectively reduced by the sinple addition of alcohol in the
presence of a netal carboxylate. The sinplicity of the process nmakes it

hi ghly desirable. Indeed, not only is the acidity of the petrol eum oil
reduced, but the oil is concurrently rendered | ess corrosive. The residual

- . r s o L T




titration according to ASTM D-664. The present invention may be used in
applications in which a reduction in the acidity of an acidic petrol eum oil
woul d be bepgfdoossz. The present invention may be denonstratgeriykdohaiss
reference to the following non-limting exanples. Exanple 1. This exanple
is for conparative purposes only. The reaction apparatus was a 300 ni
autocl ave. 100 g of Heidrun, having a total acid nunber of 2.7 ny 744 7088
of oil, determined according to ASTM D-684, and 1.51 g of nethanol were put
into the autoclave, which was then closed. The autocl ave was heated to 350C
while stir ring. Sanples were taken 10, 20, 60 and 120 mi nutes after

reachi ng 350C. The fofrhew t alRleftibl Ke&d 2b6hsikf ¢ it VWO
00/ 20532 g Time. ninoreipen: greRudh iy é,““ﬁmb@ngz.cizoggg%%ﬁ.éﬂmﬁtzo

Exanpl e 2. dssénfifiiy @bfliz dlbmentsadisclosedaymdanay be practiced én searebsenceofave used
in Exanple 1. 50 g of Heidrun and 50 g of Bolobo 2-4, having a total acid
nunber of 7¢lement Raligcloged.er ni ned according to ASTM D-664, and cont ai ni ng
13 7 parts per mllion of calcium were put into the autoclave. The bl end
had a total acid nunmber of 5.1 ng KOH g 2.82 g of nmethanol were added, then
t he aut ocl a4 5 G 35 ﬁ@jﬁ’l es were taken after the
t enper at ure 5 0 e—1 0 ] grves the results. Tine, -

m nut esResi dual Acidi , m KOH 10. 820. 430. 3 Conparison with Exanple 1 shows
that the blend esterifies faster than Heidrun. Exanple 3. The reaction
apparatus was the sanfomastpetioderan ofiedontainForgapiceacids thafédittidbutto84 100 g of
Hei drun, 1.51 g of methanol and 116 ng of lithium stearate were put WO
00~z0s32 _cortostovpRfaudog ofnedineneequipmentans thanharetdifficidt toascparate dthm The
aut ocl ave s brought 10,350C with s irrilglgl.&fﬁte,r .tgﬁ t enper at yre was
reached, sali§IPEeceaBsEollylhs organiciacidsgene Adi AFOBOIBBY. The

followng t r . T 1 J .Acj di

KOH/ 10. 5zo.@%Wﬁ%%%??%n&%%%&‘gm%h@eéﬁﬁ%@?i%@ﬁ%%@lu ﬁ‘f‘h t hi um
stearat e acjgenefypd Rfixtiee OF lé'ﬂ%eﬁﬁé 8€idé bFbhR - peoletim Stotks. INSphihahic &1ds
apparatus was the same autoclave described in Exanple 1. 10% g of Heidrun,
1.51 g of meahdeqiresentdeiiierialoge of irl carhbmatipm with ather ompanigacids,suchtase

aut ocl ave, which was then, cl oisggﬁand heated tq 35Q ile sti,rri_ag. After
t he t enper aRifnelsaaphthenicacidsaigne o MesQmbinrEan XAth QUNET QESAIGACIHS R, The

Fol l owi ng tc%l%lsg cgll'r\o/g%ntart]?eﬁlggr%h}rgé ranging from about 65°C (150°F) to 420°C

(790°F). Reduction of the naphthenic acid content of such petroleum oils is a

goal of the refiner.

The petroleum oils that may be treated in accordance with the
instant invention are any organic acid-containing petroleum oils including whole
crude oils and crude oil fractions that are liquid, liquifiable or vaporizable at the
temperatures at which the present invention is carried out. As used herein the
term whole crudes means unrefined, non-distilled crudes. The petroleum oils are

preferably whole crudes.

Unexpectedly, Applicants have discovered that petroleum oils
containing organic, specifically naphthenic acids, may have their naphthenic acid
content reduced simply by treatment with an effective amount of alcohol in the
presence of an effective amount of a metal salt of a carboxylic acid. The

treatment is conducted under conditions capable of converting the alcohol and



Ti me, m nutesResidual Acidi , m KOH 101. 020. 630.6 Conparison with Exanple 1
shows that addition of |ithium PCT/US99122184 palinitate accel erates
esterificatiy@ngos3O 00120532 - 10 Exanple 5. The reaction FRRATRHLHNAS
the sane autoclave described in 1 7 MAR 2003 Exanple 1. 100 g of Hei drun,
222.7 nmgy of sodiumpalmtate and 1.51 g of methanol were put into the

aut ocl ave, which was cl osed and heated to 350C while stirring. Af{&MARENI
aut ocl ave reached the tenperature, sanpl ds-were taken and titrated with

KOH. The following table gives the results. Tine, mnutesResidual Acidi , m
KOH 10.5_20.430.4 Conparison with Exanple 1 shows that addition of sodium

palmtatea el W r us was
t he sane au %?I g\}gé géxggﬁfoﬁﬁgga&ﬁ%ﬂ For ﬁgﬂﬁd 1§%§§d %e%&ﬁﬁ.ﬁ%lt hanol
and 111. 4 nyikfhecodverteda e esw?r Bk tréutﬁnehh&n@p&ﬂﬁf@,\wlu mfsﬁbws

t hen cl osed and brought to 350C with agitation. After the autoclave reached
350C, sanpl emgedramtabbanambitnt td abmetdt S0°Ch Khkiteriperafure utilized shabldenagi ves

the results. PCT/US99/22 | 84 wo oo/ zos3z PCT/ US99/22184 1 ~ M-~ ?-~03
Ti me, ninut emduthc:arackmg:liempemmmﬂdlemcdsmnsoxbfrtpmpemewoﬂgrmmp| e 1

7 “The reactl rﬁigpﬁdﬂfswéé’fmggesé’ﬁ@s%&ﬁ“ b0t 308 10308 RER s hvipral 3 100 g

of Hei drun, ng of sodium paI mtate wer e put
into the aug %%I erél\ﬁi\‘#@% a(HQE en i gged and heated to 350C. After the

tenperature was reached, sarrpl es were taken and titrated with KOH The

follow ng table gives th_e results. Tinme, mnutesResidual Acidi , m
KOH/ 101. 320. 930. 8 Con@@nbnmldyvmwt'eﬁcmpf meﬂlmiui\ma)t betecasietiedi aml relisaddi um
palinitate accel erates esterification. | e 8. The reaction apparatus

was the sani® eithes W@le@wnmwsmomawcenlact gdd;mgn untreatetbpetralesm g of
nmet hanol and.,4 of a sol ution of ht i n hydrocar bons,
cont ai ni ng 8 #%gg%ﬁ%ﬁ{y Wpééxj&ﬁﬁc?%élo%gl%?lgec ]ﬂﬁﬁ‘faﬁﬁﬁnaut ocl ave then
was cl osed and heated to 350C with WO 00/20532 - 12 1 7 p~~4 2~-~3
agitation. After the autoclave reached 350C, sanples were taken and

titrated with KOH ThBehéfidighy, e &ﬁbhﬁem dl166hd] peeduices atréed crude
mi nut esResi dual Acidi , m KOH’10.920. 730. 6 Conparison with Exanple 1 shows
t hat addi t i that wfill poodues lnwpishhehen bumedsindike petralewmrilsiteeat¢dwithExanpl e 9.
inorganic oxides and hydroxides. Indeed, the esters produced from reaction of
the acids and alcohols may be left in the treated petroleum oil without any

detrimental effect.

The alcohols usable herein are commercially available. The
alcohols may be selected from alkanols and alkane diols. The alkanols are
preferably those having C, to C¢ carbons and the alkane diols are preferably
those having C, to Cs carbons. Preferably, the alcohol will be methanol or
ethanol, most preferably methanol. The alcohols usable need only be capable of
forming a thermally and hydrolytically stable ester with the acids contained in
the petroleum oil being treated . Choice of alcohols meeting the above criteria is

easily accomplished by the skilled artisan.

Treatment of the petroleum oils includes contacting the petroleum
oil with an alcohol as described herein. Contacting times depend on the nature
of the petroleum oil being treated and its acid content. Typically, contacting will



In this exanple, sodium naphthenate was formed in situ by addi ng sodi um
hydr oxi de to Hei drun. The reaction apparatus was a 250 nil gl ass reactor
equi pped wiwboskosseer and refl ex condenser. 120 g of Hei dr unpcfdsevd2 i
sodi um hydroxide and 1.2 g of water were put into the reactor, which was
then heated at 100C with stirring for 5 pours. After cooling, 100 g of the
reaction product and 1.43 g of nethanol” Were put into the autocl aye %%R Zggg
described in Exanple 1. The autocl ave was then closed and heated to 0
with agitation. After the autoclave reached 350C, sanples were taken and
titrated whecatted ouhfrohominuiendo sendral binras Adwoted previsuslyj the, contact

m nut esResi dual, Acidi , m KOH 02.5101. 220. 830. 5 PCT/ USQ9/ 22184 WD

00/ 20532 - trge ithah aesessary PR amgter af the aleohohand apidsi t u formati on of
sodi um napht henat e accel erates esterification. Exanple 10. MAR |003.The
reacti on apparatus was the sanme autoclave used in Exanple 1. 100 g of

Heidrun, 1.51 g of mefhag . { L re put into
" the autocl ave, which was ?k%%gg? éggﬁrﬁilﬁge&g{%gﬁ{l%%%sﬁﬁs irring.
After the aitcelerfty the eaehReatiiDOT theadlDbles! Al Grghmik@Bidaid the peabRUmbl h KOH.
The follow ng table shows the results. Tine, mnutesResidual Acidi , m
KOH 10 - . Hoated- LikewiSenthare saro hatnh icacoghtrating theestetifiaaticnondi dilson of
potassium pal mtate aggcel erates_esterification. Exanple 11. The reaction
appar at us refhe ssteriiganon wourldipeeurat anggcgptgbleatenn the absencepfithe
met hanol and élgl ofba dr ofciar bon sol ution of potassi um naphthenate,
cont ai ni ng me s%@?{;‘fﬂr 1780 Sssium were put into the autoclave, which
was then closed and brought to 350C with stirring. Wen the tenperature
reached 350C, sanples were taken and titrated with KOH The PCT/ US99/ 22184
followi ng tabl e gi VEke frieeal'saRy lof TarboxYfic MRAEORRh-cahbe dtiliFed in the
m nut esResi dual Acidi , m KOH 10.820.630 .6 Conparison with Exanple 1 shows
t hat addi t ilnstantf inyentigsingindeabot Aremotdimited termetabnaphthendtes; paimnatEs,anpl e

12. The reaction apparatus_was he sanme autqclave used jn anple.l1. 100 g
of Hei dr un,Stepraigs gngmmﬁﬁa%re%fﬁl etajs of the metpf wswb@argﬁxxhc #idhesi um

Clbseq” and TRRPERIEGEE SRR TrERpE LR 1A Jiih, 1B, BACTVEY Sartt vt iR .o "S5
sanpl es ""e.r(ﬁ‘eetB&ﬁEIt amc_tc;:}éﬂ%ﬁg,gbmm i 6' 89'{’5 p%a*e}awuqe the

results. Tinme, mnuteSResidual A Conpar 1 so% wth
Exanpl e 1 daavig, CaaSc,dodiTij Zn, Min, Gug Ads Ogpamdptikinessahereddcel er at es

esterification. Exanple 13.
The metal salts may be added directly to the crude oil being treated
or may be formed in situ by addition of a metal derivative, e.g., oxide, hydroxide
or acetylacetonate, that reacts with the naphthenic acids in the crude to form a

metal salt.

i

Alternatively, a crude already containing metal carboxylates, e.g.,
calcium naphthenates, may be blended with the crude having the acids to be

esterified.

The amount of metal carboxylate can range from about 0.5 to
about 20 milliequivalents of metal carboxylate per kg of petroleum oil being

treated.



The reaction apparatus was the sane autoclave as in Exanple 1. 100 g of
Hei drun, 1.51 g of nethanol and 103 ng of a 5 wt % hydr ocar bon

PCT/ US99/ 2248%0/043ut i on of magnesi um napht henate were put i np@ri§®r2184

aut ocl ave, which was then WO 00/ 20532 - 15 cl osed and heated to 350C
with agitation. After the tenperature reached 350C, sanples were taken and
titrated with KOH. The follow ng table "ggv'es the results. Tine, 17 MAR 2003

m nut esResi dual Acidi , m KOH 10.420.4.4 Conparison with Exanple 1 shows
that addition of nagnesi um napht henate accel erates esterification. Exanple
| 4. The reaction apparatus was the sane autocl ave used in Exanple 1. 100 g
of Heidrun, I .S 1 g of nethanol and 49 ng of a 5 wt % hydrocarbon sol ution
of magnesi um napht henate were | oaded into the autoclave, which was then

cl osed and heated to OC while stirriing. After the.tenperature reached
350C, sanples were tafﬁ?l %F?Spr(gjtaéﬁomqttﬁomcw 1p BWNQ“‘P&BFE%i ves
the result | J, QULLE ' LELl : 30. 6 Conpari son
W th Exanp?%ngé gﬁf)nms%@#a(ﬁ?agp |on0’ﬁ'k%%%¥&®%ﬂﬁé$}q5gég} 2184 napht henat es
accel erates esterification. WO 001 20532 - 16 Exanple 15. PCT/ US99/ 22184
1 7 M-~ 2003 The reaction apparatus was the sane autoclave as in Exanple 1.
100 g of Heidrun, 760Thgexitntref tsterdficativh dfvbergstivhatad byvinbrateddr ocar bon

sol ution of nagnesi um naphthenate were put into the autoclave, which was
cl osed and SReciTeseopy, whigh shaws & deereasgyin intensity ok dhe &% emi hasdy eached

 550C, | t d titrated with KOH The.fol | oming tahle i
the resul t SRR fo FAAPRUROETONRS) PnBrY|Dand,APReRys 70 1930 0L sggoiieg to °' '
the e . o . :

acon er ot ook BTt GRS, Aoty GAE LA by TSR BORACARIT, C e

aut ocl ave waigh igive=¥ daRl GroundLPD Deal'. Hey distifguidh Batvicenla REbAG M aand 428
nmg of a 4 wt % sol ution of calcium naphthenate in mneral spirits were put

into the acarbux¥bandjthesamplt mviceated withetriethyiamiheawhitie alimdhdtes h80C whi | e
stirring. After the tenperature was reached, sanples were taken and
titrated wearbaxwhbandanddeavesithe ketope band washangsdr esul ts. WO 001 20532 -
17 Time, mnutesResidual Acidi , m KOH 10.820.630 [- Conparison with
Exanpl e 1 shows that addition of cal cium

The concentration of acid in the crude oil is typically expressed as

an acid neutralization number or acid number, which is the number of milligrams
of KOH required to neutralize the acidity of one gram of oil. It may be
determined according to ASTM D-664. Any acidic petroleum oil may be treated
according to the present invention, for example, oils having an acid neutraliza-
tion number of from 0.5 to 10 mg KOH/g acid. Typically, the decrease in acid
content may be determined by a decrease in the neutralization number or in the
intensity of the carboxyl band in the infrared spectrum at about 1708 cm-!.
Petroleum oils with acid numbers of about 1.0 and lower are considered to be of
moderate to low corrosivity. Petroleum oils with acid numbers greater than 1.5
are considered corrosive. Acidic petroleum oils having free carboxyl groups

may be effectively treated using the process of the present invention.

Petroleum oils are very complex mixtures containing a wide range
of contaminants and in which a large number of competing reactions may occur.

Thus, the reactivity of particular compounds to produce the desired neutraliza-



napht henate accel erates esterification. Exanple 17. 9 7 MAR 2003 The

rreacti on apparatus was the sane autoclave as in Exanple 1. 100 g of

Hei drun, 1. %D op/w632met hanol and 232 ng of a 4 wt % sol uti on ofcrakoiizngg
napht henate in mneral spirits were | oaded into the autoclave, which was
then cl osed and heated to 350C with agitation. After the autoclave reached
350C, sanples were taken and titrated with KOH. The followi ng tabl e1di MARS2003
the results. Tine, mnutesResidual Acidi 7m KOH 10. 820.6 Conparison wth
Exanpl e 1 shows that addition of cal cium napht henate accel erates
esterification. Exanple 18. The reaction apparatus was the sane autocl ave

as in Exanp . . i : NIy Q3 24 Wt %
sol ution of lt%&%llsﬂéggye%ﬁé‘%@gy%%%%g Ht"ﬂg?lga%e mﬁneéleesggfe a;%lglr tsf(zlf‘V\e/er&el put
into the aujpeifastivelyiduecddy the WehPIR/sdaRAA of A8ohd]NEhEhRERAHKR br ought
to 350C with agitatiion. After the tenperature was 1 7 MAR 2003 reached,
sanpl es wer endtalkeanbaxydatei tTlet sichplicity df@he pibcess miakesnit haghilp iesirgblees t he
results. Tinme, mnutesl Residual Acidi , mKOH 101.120.830.7 Conparison
with Exanpl &ndeeghpokonlas thejasidity of die petrlewrmoibyeduped dus theoidier at es
esterification. Ex | e 19...Thi s exanpl e shows that cal ci um napht henate can
be formed iHOQ?W@GP%QFW&HS%?OIE%I@PUm oxide to the crude. The reaction
apparatus was a 250 mlL gl ass vessel, equipped with nechanical stirrer,
reflux condenser and thernoneter. 120 g of Heidrun, 1.2 g of water and 27
mg of calcium oxide wehe resHubNidity'6f e ebRfied Whide catilsd B@@stﬁhhfeﬂqgl at
100C for 5 hours. After cooling, the contents were transferred to the 300
mlL aut ocl aveétdeasn mcbadingtoEASTM ®-664.. 43 g of met hanol were added, then the
aut ocl ave was cl osed and brought to 350C with agitation. After the
tenperature was reached, sanples were taken and titrated with KOH The

follow ng table gives.the results. .Tine, . nutesResi.dual Acidi., m
i ¢ dib’ﬁh\iﬂith

KOH 101. 020. 730. 4 PCT/ B&P87SsD] dventigh,mygy, bejused in appli %%%&Pi‘g

Exanpl e 1 showsg ' ' [ rates
esterification. uéggitlnpﬂ%%gw{ﬂ%al\/%p\gﬁggggoﬁgﬁgln@gg:dt?ﬁ%#ggg%@?%‘ﬁs is the sanme
autocl ave used in Exanple 1. 100 g of Heidrun, 1.48 g of nethanol and 91 ng
of scandi um acetyl acetonate were put into the autoclave, which was then

cl osed and heated to 3Be@redenhinvgntian may. bendemonstrated withgefarence tncthe

reached, sa tﬂes_ were taken and titrated with KOH The follow ng table
gives the r&aWEg npnpmbREG eXHBRES| dual Acidi , m KOH _ 1620.530.5

Example 1.

This example is for comparative purposes only.

i

The reaction apparatus was a 300 ml autoclave. 100 g of Heidrun,
having a total acid number of 2.7 mg KOH/g of oil, determined according to
ASTM D-664, and 1.51 g of methanol were put into the autoclave, which was
then closed. The autoclave was heated to 350°C while stirring. Samples were
taken 10, 20, 60 and 120 minutes after reaching 350°C. The following table

gives the residual acidities.



Conparison with Exanple 1 shows that scandi um naphthenate fornmed in situ
accelerates esterification. Exanple 21. The reaction apparatus was the sanme
aut ocl ave uge@ohésskExanple 1. 100 g of Heidrun, 1.485 g of nmepbansdngh 152
nmg of | anthanum octanoate were put into the autoclave, which was then

cl osed and heated to 350C with stirring., Afiter the tenperature was reached,
sanpl es were taken and titrated with KOH "PCT/USQ99/ 22184 The foll ovq' PUAR 2003
tabl e gives the results. WO 00/ 20532 - 20 Tinme, mnutesResidual Acidi %,
m KOH 10. 420. 430. 4 Conparison with Exanple 1 shows that |anthanum
car boxyl at es accel erat e eskiare, hiinates on. [EBRemdeal 22ciditiemgdaOH/gn | appar at us
was the sane autoclave as 1n Exanple 1. 100 g of Heidrun, 1.51 g|of

nmet hanol and 38 ng of anthanugroctanoatie Were put Qrﬁto The adatocl ave,

whi ch was then cl osedlard—heated—+te—3506-wt+h—agi-tattor—AfFter—tne
aut ocl ave reached 350C__sanpl eX0were taklen and fitedBd with KOH The
following table gives|the resubs. Tine,| m nutesResildual Acidi ,|m

KOH/ 101. 120. 830. 7 Conpari son wpph Exanplle 1 shows thag addition of a

| ant hanum car boxyl at e aCCelerares esterificati on. Exanpl e 23. The reaction
apparatus was the autoclave used in Exanple 1. 100 g of Heidrun, 1.51 g of
met hanol ar!glx&ﬁ\ﬁe@ of cerous 2-ethyl hexanoate PCTNS99/22184 1 7 MAR 2003
were put into the autoclave, which was then cl osed and heated to 350C with
WO 00120532 - 21 agitation. After the tenperature was reached, sanples
were taken and titrated with KOH The followi ng table gives the results.

Ti me, ni nut esResi dual Thereaction appapiusovatheswang awtoclapg aspd én Exampie 1.

reaction apparatu s th ame_.aut qcl ave.as.in l.e 1. .100 f

Hei drun, 1.X889§ g“e\{\g@f’rﬁéﬁoﬁ% %Hﬁ%’Pifg’qg'%ham%ﬁ%gg%é&%%&fgtg%re

| oaded i nt a | , | S o t whi |l e
stirring. AkpEpe; fSiuil actiahik UOASTRED-B64: g POfallifE 557, 106
titrated w : énﬁlll{l ' i the results. Tine,

m nut esResi%'HgFQggic I, %%E%ﬁt%nfgtgk%ug%d_lﬁﬁ% Conparison with Exanmple 1
shows that addition of a titanium conpound accel erates esterification.

Exanple 25. 1 ~ MAR 2003 The reaction apparat us_was tﬁg s_gme aut ocl.ave used
in Exanple 1. 100 g ofhebicadhad attotad3cid mumber phAdl mgiuO ga%@spf

zireonum ar%%hyahglc vevtcpengc{cﬁdf) e/n g 291{1 o%ila%fé was closed and heated to 350°C.

Samples were taken after the temperature was reached. The following table

gives the results.
Time, minutes Residual Acidity, mg KOH/g
10 .8
20 4 -
30 3

Comparison with Example 1 shows that the blend esterifies faster

than Heidrun.

Example 3.

The reaction apparatus was the same autoclave used in Example 1.

100 g of Heidrun, 1.51 g of methanol and 116 mg of lithium stearate were put



were put into the autoclave, which was then cl osed and brought to 350C

whi | e 1 7 MAR Z003 WD 00l 20532 PCTI US99/ 22184 - 22 stirring. After the

t enper at ur aveeg205eached, sanples were taken and titrated w tgctddonIfae
following table shows the results. Tinme, mnutesResidual Acidi , m

KOH 10. 420. 330. 3 Conparison wth Exanpl @ 1 shows that in situ formation of
zi rconi um napht henat es accel erates esterification. Exanple 26. The 1r/e¥tt 708h
apparatus was the autoclave described in Exanple 1. 100 g of Heidrun, 1.485

g of methanol and 24.4 ny_of zirconium acetyl acetonate were put into the
aut ocl ave, Inipthmauigelavaewhishdber waselosas: e'HKQ autvsta@emsrbragggtauoi BO°Caf t er
the tenperature was reachged, sa es were taken and titrated with KOH The
f ol | owi ng. Wi e ATt ARG (IR GraNITe WS TeAT ik SERBLISAYEIF aTyind tipated

KOH 101. 02 i Wi i R.Situ formation of
zi rconi um%a‘fég@ﬁgr%m&?é ér'a e%@%n%féga @3‘3’{4@’%&#“3& 20532 - 23
Exarnple 27. 17 MAR 2003 PCT/ US99122184 The reaction apparatus was the
autocl ave described in Exanple 1. 100 g of Heidrun, 1.51 g of nethanol and
380 ng of a hydrocaron sTims, minueds nangaResidualbAbidivgnaigel OHYat 4i ni ng 6 wt %
manganese, were put ifnto the autoclave, [which was then cloSed apd heated to
350C. After the autoc¢tavereagied—S50CTsanptes vm-im-k-en-a-n'dﬂitrat ed
with KOH The fol | owi-hg—table—gi-ves—-herestts—H-p—m .%LtesRaisi dual

Acidi , m KOH 10.520[/430- | 42Bonparisop with Exanpide 1 shows that addition
of manganese napht hepate acceB@rates estferification3 Exam nati op by

i nfrared spectroscopy shows the presence of a band at 1742 cm ~, not
present in untreated Heidrun and attributed to ester groups. A band around
1710 cni ~ remai ns eCemparisdr withnExampked] shews tlat additjoneofi lithium steadatei t h
triethylamne, Therefore the band is due to ketogroups and not to residual
acidity. B@&ﬁ}ﬂr@egﬂe@w@ qs@é’éiqaﬂﬁnappar atus is the sanme autoclave used in
Exanple 1. 100 g of Heidrun, 1.48S g of nethanol and 91.7 ng of a

hydr ocar bon sol uti on of nanganese naphthenate, containing 6 w % of
nanganese,]?%{lﬁlel aded into the autoclave, which was then cl osed and heated
to 350C. After the tenperature WO 001 20532 - 24 was reached, sanples
were taken and titrated with KOH The followi ng table gives the results.
Time, mnutesResidual Acidi , mKOH 1G 920.730 .7 Conparison with Exanple 1
shows that addition Blie maogomeppanafiphwhs it same satoclast dssatheskinf i cat i on.

7 VAR 2005ExamBle b, 100 ot JUaie drslie ot meihaRo andosd ma Ghawn 0
acetyl acet ik G MGES Biinld¥he AIS:IAN, QFhRN Swadef 1S ahlHRafdi3ed and

heat ed wi t'h agi
350°C while stirring. After the temperature was reached, samples were taken

and titrated with KOH.

The following table gives the results.

i

Time, minutes Residual Acidity, mg KOH/g
10 1.0
20 .6
30 .6

Comparison with Example 1 shows that addition of lithium

palmitate accelerates esterification.



tenperature reached 350C, sanples were taken and titrated with KOH The
followng table gives the results. Tinme, mnutesResidual Acidi , m

KOH 101. 020w83028s3gonpari son with Exanple 1 shows that in sipgriQsgmidson of
PCT/ US99/ 22 f 84 al umi num napht henat e accel erates esterification. WO

00/ 20532 - 25 Exanple 30. 17 MAR 2003 The reaction apparatus was the sane
autoclave as in Exanple 1. 100 g of Heidrun, 1.5 g of methanol arid7 M&R M3 of
tin ethyl hexanoate were put into the autoclave, which was then closed and
heated with agitation. After the tenperature reached 350C, sanples were

t aken and tExamapled>.wi th KOH. The followi ng table gives the results. Tine,
m nut esResi dual Acidi , m KOH 10.920.8-30-.~- .7 Conparison with Exanple 1
shows that addition of an oil-soluble tin conpound accel erates

terificati . Ex 31. . Th t t t t ocl
Gsed i n Exanple L. LoGhGTBICHAR HRAREEIS s ThE SPmRARRATOe i}faa?qe%“ of i e

tyl t%%ﬁg t d%?b]f\o‘gﬁ d
ﬁg:t )e/da\(/:\n?th agitati onaykf(%m&d%ﬁg ‘Pﬁ{ ﬁsre redche %5%@ %}S)(ﬁgsa\r/]\ere

taken and trhéthah6lwerd Putiatb ﬂT&ﬁxt&@lh{f@\MvHﬂ:ht\ﬁbé €loséd/ &5d héed &5315@%: Ti e,
m nut esResi dual Acidi , m KOH 101. 2201.230 -~ 1.1 PCT/US99/ 22184 WO

00/ 20532 - viile atifingARAFR0 $heamtpalave oeachied thEtemperetute, ssampes wate takersi 't u
formati on of zinc napht henat e accel erates esterification. Exanple 32. The
reaction ampdrtiratedweith K@Hsame aut ocl ave; as in Exanple 1. 100 g of
Heidrun, 1.5 g of nethanol and 103 ng of cobaltous acetyl acetonate were put
into the autoclave, which was then cl osed and heat ed wth agitation. After
the tenperature reac .~d titrated with KOH
The follow ng table gi vega?(f%w%?gm f‘év&?fh%efe m nut esReS| dual Aci di m

KOH/ 10. 620. 63 | . 6 Conparison with Exanple 1 shows that in situ formation of
cobal t ous napht henate accelerates esterification. Exanple 33. The reaction
apparatus was the samg autDmhgminutesed i h KasidpdleAdiditgOfigd OH/glej drun wer e
put into the autoclave, which was then syjwept wth nitrogen to difsplace air.
1.51 g of nethanol an¢—26—mgof 0c0~ baltops—acetyt acelonare were dded under
nitrogen, 4hen the auteetave—was—elosed—pnd pressurr'ﬁed—w—t—h—m—Frogen to
105 psi. Then the aut @aclave vébhpaf ed wih agitatio After the

t enperature reached 350C,_ sanpB6s were taken and titAated with KOH The
followi ng table gives the results. PCT/US99/22184 WD 00/ 20532 - 27 Tine,
m nut esResi dual Acidi , m KOH 10.920.9-.9 -- Conparison with Exanple 1

shows that in situ fdempansonwitoBramples! skows that adéiionnfspdium es

esterification. e 34. 17, R Zoo3
a.ﬂmtate scuelerates esterificahon,

Example 6.

The reaction apparatus was the same autoclave used in Example 1. =
100 g of Heidrun, 1.51 g of methanol and 111.4 mg of sodium palmitate were
put into the autoclave, which was then closed and brou_ght to 350°C with
agitation. After the autoclave reached 350°C, samples were taken and titrated
with KOH. The following table gives the results.



This Exanple is fox conparison only. The reaction apparatus was the sane
autocl ave used in Exanple 1. 100 g of San 3oaquin Valley crude, having a
total acid waonda@osf 3.8 ng KOH g, determ ned according to AsiMiddoebks Were
| oaded into the autoclave. 2.17 g of nethanol were added, then the

aut ocl ave was cl osed and heated with agifjation. After the tenperature
reached 350C, sanples were taken and titrated with KOH The fol | ol hifAR 2088 e
gives the results. Tine, mnutesResidual Acidi , m KOH 102. 3202. 1301. 8

Exanpl e 35. The reactign—aﬁ.pa-uaL-y-s—was—Uﬁe_;a#e_as-ﬁ-p—&amgLe_L_ 100 g of
San Joaquin Val l ey cryde. Pim¢,myuigs net haResidealdAciddygedOH/g ol uti on of

cal ci um naphthenate in mneral spirits containing 4 w% cal ci umwere put
into PCT/US99/ 22184 the autocl gge. The afitoclTave was7then closed and heated

to 350C with Stirring. = e .
tenperature was reachees s i . The
foll ow ng table gives|ithe resuBfs. Tine. !minutesResidual Acidityl, m

KOH 101. 020. 630. 6 Conparison with Exanple 34 shows that addition of cal cium
napht henate accel erates esterification. Exanple 36. The reaction apparatus
was the same as in Ex&npiparison ygth Examplee] shaws that additignaif spdiumanol and 249
ng of ferroug stearate were put.into the autoclave, which was then cl osed
and heat ed mﬁpﬁtaé%pgcﬁqra,;_s eﬂ%ﬂg"apﬂ@' tenperature reached 350C, sanpl es were
taken and titrated with KOH The followi ng table gives the results. Tine,

m nut esResi dual Acidi , m KOH 101. 6201. 4301. 2 Conpari son with Exanple |
shows that pgaihpieon of a ferrous PCT/US99122184 carboxyl ate accel erates
esterification. WO 00/ 20532 - 29 Exanple 37. ~ ~ ,~rA~ za~~ The reaction
apparatus was the same as in Exanple 1. 100 g of Heidrun were put into the
aut ocl ave and swept with nitrogen. Then 1.51 g of nethanol_ and 150 ng of
chrom um (11) acet at eI ROFRAGHIOR APParalRs was thesame autpelavgased ndexampigdd under
a nitrogen nk .Then  the autocl av osed. and heated with stirring.
Ater Che t BBR T AL 1 H1Cs SEEG@RET a8 35| R Rt BAlFSEY Mere Bk {1
KOH. The f o i ' | [ IaRHbOS ' | Acidi , m
K 101, 320 PG i0RbRRE iR Rde heh Shitelt and Helfer (236 €2 PRRAE! 101 or
chr oni um PGEhigep@rewad rddched camisleddepc okt and eitraesl with/KOHL iTHe  ~ 7 MAR
2003 -30 What is clained is 1. A nethod for desalting a crude oil

cont ai ni ng folleving tatfle gives therteswdtser, t he net hod. conpri sing: adding to the
crude oil a chem cal denulsifier fornulation, the chem cal denulsifier
formul ati on being present in an anmount ranging fromabout 1 ppmto about

1 m n F: ' T 1 15 5

formul ation of a surfactant having the fprmila: #ZSTRSH#EZ wherinlR sub.| is
H or an al koxide of from5 to_dBout 20 chrbon atonsl.3x is an_intleger of
from about 8 to about |22 when B)sub. | is hydrogen afgd from about 2 to
about 5 when R sub.| [s arkoxigg; R sub.P 1s Indepengently seledted from
the group consisting of—H—(C€Hsub2CH—Sub—2— O —ub-mrH—=and—(CH. sub. 2
CH(CH. sub. 3) O .sub. mH, Rsub.3 is independently selected fromthe group _
consisting of H (CH : M. b ; -
CH(CH. sub. 3) O . sub. n %Hﬁﬂ%g%‘x wr%xﬁ?lggei@%%l?hpgdél%%?Q%dn’;gmy and z are
i ntegers r apelinigitd cveletates edf@rification.

i

Example 8.

The reaction apparatus was the same autoclave described in
Example 1. 100 g of Gryphon, 1.51 g of methanol and 414 mg of a solution of
sodium naphthenate in hydrocarbons, containing 4.87% sodium, were put into

the autoclave. The autoclave then was closed and heated to 350°C with



(b) about 90 wt. %to about 20 wt) % based on the weight of the chem cal
denmul sifier fornulation of a delivery solvent selected fromthe group
consi sting wo gdapsapyl ene nonobutyl ether, aromatic naphtha, p$RRIARRE4 Ni C
sol vent, cycloparaffinic solvent, aromatic solvent, diethylene glycol
nonobutyl ether, benzyl alcohol, and n_iE%ures thereof. 2. The method of
claim1 further conprising separating t brine fromthe crude pblppggm
formul ati on under electrostatic desalting conditions at a tenperatur
rangi ng from about 220.degree. F. to about 300.degree. F., at an
el ect r ost atdgitapione difted the antpclayefreached 360° Cs 0amplesawenst taken @nd dittatedoer i nch
and for a tipe_ranging from.aboyt 15 to _about 30 m nutes. 3. The nethod of
claimi1 fuerKéHr%pTh%h\b’.‘“ﬁﬂm E;S%‘%ﬂ\ﬁa’feéliltﬁ-o the crude oil until the
concentration of wash water in the crude oil ranges fromabout 1 vol. %to
about 8 vol. % based on the volune of the crude oil, and then separating
the brine fromthe cr{de ol a ol gt : . Tl desal ti ng
conditions. . 17 MAR Zgli,q.gxe, ﬁnﬁt?’rg e 5"%?}10 ;’;%CI;&SI@E L f}é@%]j Rer
conprising mxing thelcrude oil and formulation under oppaosed:-fl pw
conditions at a tenpefature rahding from about 20.defree. C. to [150. degree.
C., for atine ranging fromabput 1 m ndyte to about %0 hours, and at d
viscosity ranging fromabout I3§P to abqut 250 CP. 5S¢  Ihe netnod| of claim4
wherein the m xi ng powet tmoet U}J}JUDCd'JIILUVV concit+ons afges f+om about
0.1 hp per 1000 gallons to about 3 hp per 1000 gallons. 6. The net hod of
claim3 further conpragsl - . X bl . 11On. under
¢&h§@—1{§r{%g% eﬁ;}%ﬁl&ﬁé Y9%0Rs th&?&dcixﬁ[)go‘ﬂgfs%h i

opposed-fl ow condi ti ons re ranging rroma 2U.degree. C.
to 150. degl‘lﬂ?hﬂﬁnatgfﬁce&rétkﬂstéﬂﬂgéﬁ&'fI‘0m about 1 mnute to about 50
hours, and at a viscosity ranging fromabout 1 cP to about 250 cP. 7. The
nmet hod of claim6 wherein the m xi ng power under opposed-flow conditions
ranges from about 0.1 hp per 1000 gallons to about 3 hp per 1000 gall ons.
8. A conpodi* e®onprising a crude oil containing a brine of salt and
water and a chem cal denulsifier formulation present in an anount ranging
fromabout 1 ppmto about 10,000 ppm based on the weight of the crude oil,
t he chem cal denul si fiL,8kisf %Fﬂc hehfig: 5 ino 2010
about 80 wt. % based I%)lﬁmtst@%:legtﬁ? 0 ft% e%ﬁ%%’g(%als enﬁlatslﬁ;é?tgab)?%dr%rrﬁ ation
of a surf agodiim hgdioxddé tecHewrirmil The FeastiBhi#pparatusvpas @ 26Rnd whasslreactoH or
an al koxide of from5 to about 20 carbon atonms; x is_an integer of from
about 8 t o eguippedogithisamer andireflux condorkesgd0ghaf Hetdrmnbd2mgof sodivwut 5

when R sub.l js .gl koxi.de; R sub.?~s independently sel.ected fromth rou
Consi ot 1 ng Hydrxide Shd Aol 91 WA e RY IRTBAF Rt EAVGH vab thed heated af P

consi st ng 0" Witk Silting Y Khol° ARRF CRERAETJ0's REMEHAG oA PRbal: afOP

CH( CH. sub. 3) £3 gdfiméthitiol W8 Pub irith ¢hé MiteoRIVe deddribétlind ERiindld 0. TBe and y
and z are integers ranging from2 to 10; and (b) about 90 wt. %to about 20

W . % basedutoclaveewasthentclofedtdnd hetatedi tod503EnhwithiagitatiohorAfiemtheon of a

delivery solvent selected fromthe group consisting of. dipropylene _
monobut yl  @uteslaveseaghkad 3505, semplesivesp sakearny eﬂgﬁad\m,lg%&mr affinic=

sol vent, ar tic solvent i et hyl ene gl ycol nonobutyl ether, benzyl

al cohol , aﬁgﬂaﬂmgﬁaﬂe ﬁq‘r?é’?setgﬁre SThe conposition of claim8 wherein the
crude oil is a heavy or waxy crude oil. ~ ~ BAR zoa~ -32 10. The
conposition of claim9 wherein R sub.l is H R sub.2 and R sub.3 are

(CH.sub. 2 CH.sub.2 O subTifle Hninutés 18] Rekidudl Asidityz m@ KOHMg.| The
conposition of claim{IU WTerern tne deljvery solvent 1S dietnyldne

nmonobutyl ether. . ASSHAYN-As—AS—AS A" .AU’a‘.A{'r_.Ai'_i. AFs—A+As. A
AR L A (C. AR AAsL. AbL-A AL AY_AY _Ae AYA. ARB-ARa S AA
AY. A9. A& A& 09[r60, P_ x 10 1.2
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sodium naphthenate accelerates esterification.

Example 10.

The reaction apparatus was the same autoclave used in Example 1.
100 g of Heidrun, 1.51 g of methanol and 118 mg of potassium palmitate were
put into the autoclave, which was then closed and heated to 350°C with stirring.
After the autoclave reached 350°C, samples were taken and titrated with KOH.
The following table shows the results.

Time, minutes Residual Acidity, mg KOH/g
10 i
20 .6
30 .5

Comparison with Example 1 shows that addition of potassium

palmitate accelerates esterification.

Example 11.

The reaction apparatus was the same as in Example 1. 100 g of
Heidrun, 1.51 g of methanol and 451 mg of a hydrocarbon solution of potassium
naphthenate, containing 7.25 weight % of potassium, were put into the
autoclave, which was then closed and brought to 350°C with stirring. When the
temperature reached 350°C, samples were taken and titrated with KOH. The

following table gives the results.
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Comparison with Example 1 shows that addition of potassium

naphthenate accelerates esterification

Example 12.

The reaction apparatus was the same autoclave used in Example 1.
100 g of Heidrun, 1.51 g of methanol and 194 mg of a 5 wt% solution of
magnesium naphthenate in hydrocarbons were put into the autoclave, which was
then closed and heated to 350°C with stirring. After the autoclave reached
350°C, samples were taken and titrated with KOH. The following table gives

the results.

Time, minutes Residual Acidity, mg KOH/g
10 6
20 6
30 6 _

Comparison with Example 1 shows that addition of magnesium

naphthenate accelerates esterification.
Example 13.

The reaction apparatus was the same autoclave as in Example 1.
100 g of Heidrun, 1.51 g of methanol and 103 mg of a 5 wt% hydrocarbon

solution of magnesium naphthenate were put into the autoclave, which was then
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samples were taken and titrated with KOH. The following table gives the

results.
Time, minutes Residual Acidity, mg KOH/g
10 4
20 4
30 4

Comparison with Example 1 shows that addition of magnesium

naphthenate accelerates esterification.

Example 14.

The reaction apparatus was the same autoclave used in Example 1.
100 g of Heidrun, 1.51 g of methanol and 49 mg of a 5 wt% hydrocarbon
solution of magnesium naphthenate were loaded into the autoclave, which was
then closed and heated to 350°C while stirring. After the temperature reached
350°C, samples were taken and titrated with KOH. The following table gives

the results.

Time, minutes Residual Acidity, mg KOH/g
10 1.0
20 7
30 6

Comparison with Example 1 shows that addition of magnesium

naphthenates accelerates esterification.
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100 g of Heidrun, 760 mg of methanol and 197 mg of a 5 wt% hydrocarbon
solution of magnesium naphthenate were put into the antoclave, which was
closed and heated to 350°C with stirring. After the temperature reached 350°C, -
samples were taken and titrated with KOH. The following table gives the

results.

Time. minutes Residual Acidity, mg KOH/g
10 .9
_ 20 .9
- 30 .9 T

Comparison with Example 1 shows that addition of magnesium

naphthenate accelerates esterification.

Example 16.

The reaction apparatus was the same autoclave used in Example 1.
100 g of Heidrun, 1.51 g of methanol and 428 mg of a 4 wt% solution of calcium
naphthenate in mineral spirits were put into the autoclave. The autoclave was
then closed and heated to 350°C while stirring. After th.e temperature was
reached, samples were taken and titrated with KOH. The following table gives
the results.
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naphthenate accelerates esterification.

Example 17.

The reaction apparatus was the same autoclave as in Example 1.
100 g of Heidrun, 1.51 g of methanol and 232 mg of a 4 wt% solution of calcium
naphthenate in mineral spirits were loaded into the autoclave, which was then
closed and heated to 350°C with agitation. After the autoclave reached 350°C,
samples were taken and titrated with KOH. The following table gives the

results.

Time, minutes Residual Acidity, mg KOH/g
10 .8
20 .6
30 .6 —

Comparison with Example 1 shows that addition of calcium

naphthenate accelerates esterification.
Example 18.
The reaction apparatus was the same autoclave as in Example 1.

100 g of Heidrun, 1.51 g of methanol and 110 mg of a 4 wt% solution of

calcium naphthenate in mineral spirits were put into the autoclave, which was
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Time, minutes Residual Acidity, mg KOH/g
10 1.1
20 .8
30 7

Comparison with Example 1 shows that addition of calcium

naphthenate accelerates esterification.

Example 19.

This example shows that calcium naphthenate can be formed
in situ by addition of calcium oxide to the crude. The reaction apparatus was a
250 ml glass vessel, equipped with mechanical stirrer, reflux condenser and
thermometer. 120 g of Heidrun, 1.2 g of water and 27 mg of calcium oxide were
put into the reactor, which was then stirred at 100°C for 5 hours. After cooling,

the contents were transferred to the 300 ml autoclave described in Example 1.

il

1.43 g of methanol were added, then the autoclave was closed and brought to
350°C with agitation. After the temperature was reached, samples were taken

and titrated with KOH. The following table gives the results.

Time, minutes Residual Acidity, mg KOH/g
10 1.0
20 7
30 4
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Example 20.

The reaction apparatus is the same autoclave used in Example 1.
100 g of Heidrun, 1.48 g of methanol and 91 mg of scandium acetylacetonate
were put into the autoclave, which was then closed and heated to 350°C with
agitation. After the temperature was reached, samples were taken and titrated
with KOH. The following table gives the results.

Time, minutes Residual Acidity, mg KOH/g
10 .6
20 .5
30 S

Comparison with Example 1 shows that scandium naphthenate

formed in situ accelerates esterification.

Example 21.

i

The reaction apparatus was the same autoclave used in Example 1.
100 g of Heidrun, 1.485 g of methanol and 152 mg of lanthanum octanoate were
put into the autoclave, which was then closed and heated to 350°C with stirring.
After the temperature was reached, samples were taken and titrated with KOH.
The following table gives the resuits.
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Comparison with Example 1 shows that lanthanum carboxylates

accelerate esterification.

Example 22.

The reaction apparatus was the same autoclave as in Example 1.
100 g of Heidrun, 1.51 g of methanol and 38 mg of lanthanum octanoate were
put into the autoclave, which was then closed and heated to 350°C with
agitation. After the autoclave reached 350°C, samples were taken and titrated
with KOH. The following table gives the results,

Time, minutes Residual Acidity, mg KOH/g
10 1.1
20 .8
30 7

Comparison with Example 1 shows that addition of a lanthanum

carboxylate accelerates esterification.

Example 23.

The reaction apparatus was the autoclave used in Example 1.
100 g of Heidrun, 1.51 g of methanol and 152 mg of cerous 2-ethylhexanoate

were put into the autoclave, which was then closed and heated to 350°C with
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Example 24.

The reaction apparatus was the same autoclave as in Example 1.
100 g of Heidrun, 1.485 g of methano! and 105 mg of titanyl acetylacetonate
were loaded into the autoclave, which was then closed and heated to 350°C
while stirring. After the temperature was reached, samples were taken and
titrated with KOH. The following table gives the results.

Time, minutes Residual Acidity, mg KOH/g
10 .5
20 .5
30 .5

1!

Comparison with Example 1 shows that addition of a titanium

compound accelerates esterification.
Example 25.
The reaction apparatus was the same autoclave used in Example 1.

100 g of Heidrun, 1.485 g of methanol and 97.6 mg of zirconium acetylacetonate

were put into the autoclave, which was then closed and brought to 350°C while
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KOH. The following table shows the results.

Time, minutes

Residual Acidity, mg KOH/g

10 4
20 3
30 3

Comparison with Example 1 shows that in situ formation of

zirconium naphthenates accelerates esterification.

Example 26.

The reaction apparatus was the autoclave described in Example 1.

100 g of Heidrun, 1.485 g of methanol

were put into the autoclave, which was

and 24.4 mg of zirconium acetylacetonate

then closed and heated to 350°C with

agitation. After the temperature was reached, samples were taken and titrated

with KOH. The following table gives the results.

Time, minutes

Residual Acidity, mg KOH/g

10 1.0
20 7
30 .6

Comparison with Example 1 shows that in situ formation of

zirconium naphthenates accelerates esterification.

i
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100 g of Heidrun, 1.51 g of methanol and 380 mg of a hydrocarbon solution of
manganese naphthenate, containing 6 wt% manganese, were put into the
autoclave, which was then closed and heated to 350°C. After the autoclave

reached 350°C, samples were taken and titrated with KOH. The following table

gives the results.
Time, minutes Residual Acidity, mg KOH/g
10 .5
20 4 -
30 4

Comparison with Example 1 shows that addition of manganese

naphthenate accelerates esterification.

Examination by infrared spectroscopy shows the presence of a
band at 1742 cm™, not present in untreated Heidrun and attributed to ester

groups. A band around 1710 cm”' remains essentially unchanged when the

sample is treated with triethylamine. Therefore the band is due to ketogroups
and not to residual acidity.

Example 28.

The reaction apparatus is the same autoclave used in Example 1.
100 g of Heidrun, 1.485 g of methanol and 91.7 mg of a hydrocarbon solution of
manganese naphthenate, containing 6 wt% of manganese, were loaded into the

autoclave, which was then closed and heated to 350°C. After the temperature
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Comparison with Example 1 shows that addition of manganese

naphthenate accelerates esterification.

Example 29.

The reaction apparatus was the same as in Example 1. 100 g of
Heidrun, 1.48 g of methanol and 86.4 mg of aluminum acetylacetonate were put
into the autoclave, which was then closed and heated with agitation. After the
temperature reached 350°C, samples were taken and titrated with KOH. The
following table gives the results.

Time, minutes Residual Acidity, mg KOH/g
10 1.0
20 .9
30 .9

Comparison with Example 1 shows that in situ formation of

aluminum naphthenate accelerates esterification.
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e reaction apparatus was the same autoclave as in Example 1.
100 g of Heidrun, 1.5 g of methanol and 162 g of tin ethylhexanoate were put
into the autoclave, which was then closed and heated with agitation. After the
temperature reached 350°C, samples were taken and titrated with KOH. The

following table gives the results.

Time, minutes Residual Acidity, mg KOH/g
10 .9
20 .8
30 7

Comparison with Example 1 shows that addition of an oil-soluble

tin compound accelerates esterification.

Example 31.

The reaction apparatus was the same autoclave used in Example 1.

100 g of Heidrun, 1.51 g of methanol and 113 mg of zinc acetylacetonate were

put into the autoclave, which was then closed and heated with agitation. After

the temperature reached 350°C, samples were taken and titrated with KOH. The

following table gives the results.

Time, minutes Residual Acidity, mg KOH/g
10 1.2
20 1.2
30 1.1
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Example 32.

The reaction apparatus was the same autoclave as in Example 1.
100 g of Heidrun, 1.5 g of methanol and 103 mg of cobaltous acetylacetonate
were put into the autoclave, which was then closed and heated with agitation.
After the temperature reached 350°C, samples were taken ard titrated with
KOH. The following table gives the results.

Time, minutes Residual Acidity, mg KOH/g -
10 .6
20 .6
30 .6

Comparison with Example 1 shows that in situ formation of

cobaltous naphthenate accelerates esterification.

Example 33.

1i

The reaction apparatus was the same autoclave used in Example 1.
100 g of Heidrun were put into the autoclave, which was then swept with
nitrogen to displace air. 1.51 g of methanol and 26 mg of cobaltous
acetylacetonate were added under nitrogen, then the autoclave was closed and
pressurized with nitrogen to 105 psi. Then the autoclave was heated with
agitation. After the temperature reached 350°C, samples were taken and titrated
with KOH. The following table gives the results.
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Comparison with Example 1 shows that in situ formation of

cobaltous naphthenate accelerates esterification.

Example 34.

This Example is for comparison only. The reaction apparatus was
the same autoclave used in Example 1. 100 g of San Joaquin Valley crude,
having a total acid number of 3.8 mg KOH/g, determined according to ASTM D-
664, were loaded into the autoclave. 2.17 g of methanol were added, then the
autoclave was closed and heated with agitation. After the temperature reached

350°C, samples were taken and titrated with KOH. The following table gives

the results.
Time, minutes Residual Acidity, mg KOH/g
10 2.3
20 2.1
30 1.8
Example 35.

The reaction apparatus was the same as in Example 1. 100 g of
San Joaquin Valley crude, 2.17 g of methanol and 200 mg of a solution of
calcium naphthenate in mineral spirits containing 4 wt% calcium were put into

the autoclave. The autoclave was then closed and heated to 350°C with Stirring.

H
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Time, minutes Residual Acidity, mg KOH/g
10 1.0
20 .6
30 .6

Comparison with Example 34 shows that addition of calcium

naphthenate accelerates esterification.

Example 36.

The reaction apparatus was the same as in Example 1. 100 g of
Heidrun, 1.485 g of methanol and 249 mg of ferrous stearate were put into the
autoclave, which was then closed and heated with agitation. After the
temperature reached 350°C, samples were taken and titrated with KOH. The

following table gives the results.

Time, minutes Residual Acidity, mg KOH/g
10 16 B
20 1.4
30 1.2

Comparison with Example 1 shows that addition of a ferrous

carboxylate accelerates esterification.
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The reaction apparatus was the same as in Example 1. 100 g of
Heidrun were put into the autoclave and swept with nitrogen. Then 1.51 g of
methanol and 150 mg of chromium (II) acetate monohydrate, weighed under
nitrogen, were added under a nitrogen blanket. Then the autoclave was closed
and heated with stirring. After the temperature reached 350°C, samples were
taken and titrated with KOH. The following table gives the results.

Time, minutes Residual Acidity, mg KOH/g
10 1.3
_ 20 1.2
- 30 1.0 T

Comparison with Example 1 shows that addition of a chromium

() compound accelerates esterification.

il



"10% $° & ()-7v8v; v>V?2VOVFVGUXxX@ 9%10 | v 10% $ & ()-v 10% $ & ()-1 v
10%$° & ()-v 10%$ & ()-1 OGvHvwvvwka@® 9$10 FF/ 10%#& ()- F -: 10%#& () -
FY' *10%#& ()- FY&L0%& ()- F 9%0%& ()-v 10% $ & () - xxxxxxxxxvV6 9%$10
"&LOYXHE () -, &LOY#H& ()-, F10%#H& ()- FLOYX#&' () - 10#10#10# 17 MAR 2003
Ff #1098 & () - XXXXXXXXXX@ 9%$10 { & &L0%#& ()-, &L0%H& ()-,{ &&

&10%X#& () -, &LO%H& ()-,{ &xyyyyy ypX=6 9%$10 &10%#& ()-,{ &

&109X#& () -, &LO%H& ()-,{ && &LO0%H& () -, &LO0YX#& ()-, yGyzyyyyz|[:=6 9%10
F109%8#& ()- F yl0%t& ()- & 10%#& ()--M09%%& ()- mlO%#& ()- Y 10%t& ()-
zgzz{M Z{h{|[; =6 9%$10 K(10%#& ()-! %M10%t& ()- @10%t& ()- ! 10%t& ()-
109%#& () - !10%#& () - h{{{{{{{{wW6 9%$10 K(10%#& ()-! K(10%t& ()-!v

K( 109%#& (Whdt is claimed is :

1. A method for desalting a crude oil containing a brine of salt and water, the
method.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
ppm based on the weight of the crude oil and comprising:

(a) about 10 wt. % to 80 wt. % based on the weight of the chemical demulsifier
formulation of a surfactant having the formula: ##STR5##

wherin R.sub.1 is H or an alkoxide of from 5 to about 20 carbon atoms; x is an integer
of from about 8 to about 22 when R.sub.1 is hydrogen and from about 2 to about 5
when R.sub.] is alkoxide; R.sub.2 is independently selected from the group
consisting of H, (CH.sub.2 CH.sub.2 O).sub.m H, and (CH.sub.2
CH(CH.sub.3)O).sub.m H; R.sub.3 is independently selected from the group
consisting of H, (CH.sub.2 CH.sub.2 O).sub.n H, and (CH.sub.2

CH(CH sub:3)O).sub.n H; M and n are mtegers 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
monobuty] ether, aromatic naphtha, isoparaffinic solvent, cycloparaffinic solvent,
aromatic solvent, diethylene glycol monobutyl ether, benzyl alcohol, and mixtures
thereof.

2. The method of claim 1 further comprising separating the brine from the crude oil
and formulation under electrostatic desalting conditions at a temperature ranging from
about 220.degree. F. to about 300.degree. F., at an electrostatic potential ranging from
about 500 to about 5000 volts per inch and for a time ranging from about 15 to about
30 minutes.

i

3. The method of claim 1 further comprising;:

adding wash water to the crude oil until the concentration of wash water in the crude
oil ranges from about 1 vol. % to about 8 vol. % based on the volume of the crude oil,
and then separating the brine from the crude oil and formulation under electrostatic
desalting conditions.
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4, The method of claim 2 further comprising mixing the crude oil and formulation
under opposed-flow conditions at a temperature ranging from about 20.degree. C. to
150.degree. C., for a time ranging from about 1 minute to about 50 hours, and at a
viscosity ranging from about 1 cP to about 250 cP.

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.

6. The method of claim 3 further comprising mixing the crude oil and formulation
under opposed-flow conditions at a temperature ranging from about 20.degree. C. to
150.degree. C., for a time ranging from about 1 minute to about 50 hours, and at a
viscosity ranging from about 1 cP to about 250 cP.

7. The method of claim 6 wherein the mixing power under opposed-flow conditions
ranges from about 0.1 hp per 1000 gallons to about 3 hp per 1000 gallons.

8. A composition comprising a crude oil containing a brine of salt and water and a
chemical demulsifier formulation present in an amount ranging from about 1 ppm to
about 10,000 ppm based on the weight of the crude oil, the chemical demulsifier
formulation comprising: .

(a) about 10 wt. % to about 80 wt. % based on the weight of the chemical demulsifier
formulation of a surfactant having the formula: ##STR6## —

wherein R.sub.] is H or an alkoxide of from 5 to about 20 carbon atoms; x is an
integer of from about 8 to about 22 when Risub.1 is hydrogen and from about 2 to
about 5 when R.sub.1 is alkoxide; R.sub.2 is independently selected from the group
consisting of H, (CH.sub.2 CH.sub.2 0).sub.m H, (CH.sub.2 CH(CH.sub.3)O).sub.m
H; R.sub.3 is independently selected from the group consisting of H, (CH.sub.2
CH.sub.2 O).sub.n H, (CH.sub.2 CH(CH.sub.3)O).sub.n 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, isoparaffinic solvent, cycloparaffinic solvent,
aromatic solvent, diethylene glycol monobutyl ether, benzyl alcohol, and mixtures
thereof.

9. The composition of claim 8 wherein the crude oil is a heavy or waxy crude oil.
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