e3ez&w "H#HT$LBYON&B&T&S 21 2 9 AUf 2002 WO 99150375 REMOVAL OF NAPHTHEN C
ACI DS | N CR-JDE O LS AND DI STTLLATES FI'ELD OF THE | NVENTI ON: 29 AUG 2002
PCT/ fr' S99r 060WoBh@oi7nst ant invention is directed to the renovagc®fs@hgani C
acids, specifically naphthenic acids in crude oils, crude oil blends and
crude oil distillates using a specific class of conpounds. BACKGROUND COF
THE | NVENTI ON: Hi gh Total Acid Nunmber (TAN) crudes are di scounted by about
$0O SO TANI BBL. The downstream busi ness driver to devel op technol ogies for
TAN reduction is the ability tREMOMAIeOFOMAPHIHENIDIASIDIhe upstream driver
is to enhance the market val UMR@ ofANAND SeSTIL INErEUr rent approach to
refine acidic crudes is to blend the acirdic crudes wth non acidic crudes
so that the TAN of the blend is no higher than about 0.5. Mst mjor oil
conpani es use this approach. The drawback with this approach is that it
limts the amount of acidic crude that can be processed. Additionally, it
is known in thEIBLD ORPTHREBIVENTIONes with i norgani c bases such as
pot assi um and sodi um hydroxide to neutralize the acids. This approach,
however, fornms emul sions which are very difficult to break and,
addi tional ly, undesi rablﬁhl eavestot assi.u odiumin ttfe treat.ed crude.

Furthernore, such prior hi¢ INSEDHIRVEREON S rFF e ahsyiemaeyal of lozgag ACkls ght

range of the r i

i ncrease of ac gggictaﬁl%\eaﬁﬁﬁwﬁfﬁ%%gwéudg@éd&%gg\éizﬁlgéﬁ'?ﬁgéﬂé@%ﬁnew

~e: MJ oe_-~es ¢ r ds4N | ~a~~~~~~ i m Nnu~uuu~n-~

2 9 auG Zoo2 V%Etégiﬂgg@ng% E%Q%E%g%f&cr es and crude bl ends Ther nmal
treatnment. slum hydroproce55| ng and cal cium neutralization are sone of the
prom si ng appr oaches t hat ha~~e ener ed However, these technol ogi es do not
extract the acBd RBRWUNE O HdE SINg2QN:t hey convert the acids to
products that remain in the crude. LT.S. Patent No. 4,752,381 is directed
to a method for neutralizing the organic acidity in petrol eum and petrol eum

fractions to produce a rald hod
i nvol ves treating the pgﬁiri%\ 'géfmF?“%iooﬂl on W ?ﬁ%a? ér?ﬁ%%se%’?adgsﬁjoa%teneﬁf or m an
am ne salt fol $@wedr AN/BBR! ITH doWnstrehinBusiféssainivr i aP@18p w&m%mgﬁés%ent
to forman am de. Such amnes will not afford the results desired1n the

i nstant i nvent TAN siducton ietheabilitgrto refire tmploobteorindesacThks upstheane dvetis to

instant inventiqgn extracts and renpves _t hem
enhance the market value of high-TAN crudes.

The current approach to refine acidic crudes is to blend the acidic
crudes with non acidic crudes so that the TAN of the blend is no higher than
about 0.5. Most major oil companies use this approach. The drawback with this
approach is that it limits the amount of acidic crude that can be processed.
Additionally, it is known in the art to treat the crudes with inorganic bases such
as potassium and sodium hydroxide to neutralize the acids. This approach,
however, forms emulsions which are very difficult to break and, additionally,
undesirably leaves potassium or sodium in the treated crude. Furthermore, such
prior art techniques are limited by the molecular weight range of the acids they

are capable of removing.

With the projected increase of acidic crudes in the market (Chad,

Venezuela. North Sea) new technologies are needed to further refine higher TAN
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U S. Patent No. 2,424,158 is directed to a nethod for renoving organic
,acids fromcrude oils. The patent utilizes a contact agent which i s B$AUG 2007
organi ¢ |iquiWo oopisabl e am nes di scl osed are nono-, di-, and perusesnso=-
triethanolam ne, as well as nethyl am ne, ethylam ne, n- and isopropyl

am ne, n-butyl am ne, secbutyl am ne, ter-butyl am ne, propanol am ne,

i sopropanol am ne, butanol am ne, sec-butanol, sec-butanol am ne, and
ter-butanol am ne. Such am nes have been f-aund to be ineffective in
applicants' invention. SUMVARY OF THE | NVENTI ON: The instant invention is
directed to a process for extracting organic acids froma starting crude

oi | conpri si ngnidee andepadoblenda) Theanil gatinient. shart hudroprowssiniglandont ai ni ng
naphthenic acids with an anount of an all:oxylated am ne and water under
condi ti ons andalciumaeutralizaion 276 BOMeDIthe poomBGing approaches thavlavezemengad and

at a tonperattac sufficient to forma water-in-oil, epul sion of amine salt
wher ei n sai d Slowsuerathese wahnelogies %teé‘(‘;lraﬁtb&rﬁcﬂfegg&!be& Ssm‘ﬁﬁaif

al koxyl at al ami nes_ havi t foll owi.ng fornmul ae {A)_and (B):
oo Bevcansan BY st o that Bl R b bt e men = 2 to 50
and R = lincer or branched al kyl group of C;s to &ZO (B} H (OCH2Cli ~
(CH2CHCH30~ { NHCHZCf i zNH~- ( CHZCHza} ~ ( CHZCHCFI yO) -~ where x~ 1 to 3 and

y+zsZ to 6) and wher ean (RSOP&eaONSD4, 238N RdibtddaorimetHod) for mdutrhdizing es
of formula (B}; wherein said starting crude oil is selected fromthe group

consi sting of the organin acdity imopetralettmbdnshpetrolennd fractivas ¢o preduceid | at es; and
(b} separating said emul si cm of stetgr)l (9) ingo a @Iygnsl ity of Layers)
wherei n one ofnecs@ahzatwpaiumbesafdesssthan G sdbg myjolvéssatipedier eased

anounts of organi¢ acikds;. (c).recoverijn ai.d | ayer of ste ont a~i ag
aad L reabod SeTaEeE: Feraed RA BOOPELBHaRHIRR It Tom 8 AR AE s RIS Py
containing walgly; g3l #%%hatatd BfpRfardR! dufi AMNSHorm iiFdmide.  Such

amines will not afford the results desired in the instant invention since they

convert the naphthenic acids, whereas the instant invention extracts and removes

them.

U.S. Patent No. 2,424,158 is directed to a method for removing
organic acids from crude oils. The patent utilizes a contact agent which is an
organic liquid. Suitable amines disclosed are mono-, di-, and triethanolamine, as
well as methyl amine, ethylamine, n- and isopropyl amine, n-butyl amine, sec-
butyl amine, ter-buty! amine, propanol amine, isopropanol amine, butanol amine,
sec-butanol, sec-butanol amine, and ter-butanol amine. Such amines have been

found to be ineffective in applicants' invention.

SUMMARY OF THE INVENTION:

The instant invention is directed to a process for extracting organic

acids from a starting crude oil comprising the steps of:

(a) treating the starting crude oil containing naphthenic acids

with an amount of an alkoxylated amine and water under conditions and for a
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_,.~c 13-Ui -2000 U 009~Cou~ 2 9 AIJG ZOD? -4 The present inventi %PQ@OHO-T
SUBtHORYORonpri se) consist or consist essentially of the tlements distrosed "
herei n. BRI EF DESCRFPTI 41r1 OF THE DRAWNGS: Figure 1 is a bar chart 29 AUG 200
depicting the TAN reduction of Gryphon erode using tertiarf am ne

et hvxyl ates as the treating agent, ovrx gg’organi c acid nol ecul ar wei ght

{M- range of 250 to 75Q The black bars are gryphon crude and the white

bars arc tertiary amno treated gryphoa cntde. The iaol ecul ar wei ght of the

organi c acid,. is _shown _on._the x i e I M axhs.
Figure 2 is Wlﬂ%’giaﬁ ﬁﬁ%ﬁ%#&ng&ﬂwggﬁﬁ%gg ‘s°‘gé%%28%égﬁ%“cf f
exi sting ref ypefdif Said(akdxylaedinghe 35k18d @ Bonr iRdgrofih RonsisBhg b§ 5t atting
crude oil) ( I's the desalter, (4) is the regeneration unit, (5) is the
or gani ¢ aci dalkorylates amines having)the following-frmnlase Ayandr(B)or gani ¢ aci ds
rernaved) (?~ is |ower phase enulsion, and ($) is products. Figure 3 is a
fl ow schene depicting the application of the instant invention at the well
head. (I) is a full well stream (2) is a primary separator, (3) is gas,
(4) is'crude) (5) is treated (upgraded) crude, (6} is water and orgaaic

acid, (7) is a contact towtr, (Cﬁ&gﬁgﬁ(@{@};ﬂ%)aﬁ ne, and (9) is water.
Figure d is.an apparat u%_ﬁkﬂe in recdvering al kBxyl ated anmi nes that have

been used t o(dkenpve nap } i r j cre~de. ( 1) is a

| ayer or phase containing al ﬁ?ﬁggﬁﬁkm%, E%djﬂglga thernoneter, (3) is a
vent, ~(d) is 8 gaduated columm far measuring foam height; (5) is a gas

di stributor) AVMENDED SHEET

where m+n = 2 10 50 and R = lincar or branched alky! group of C; to Cyq,
®) H-(OCH;CH;)-(CHyCHCH;0)- (NHCHyCH;NH ) (CH; CH, ) (CH,CHCHO)g H

where x=1 to 3 and y+z=2 to 6, and wherein p+q=0 to 15, mixtures of

formula (A) and mixtures of formula (B); wherein said starting crude oil is
selected from the group consisting of crude oils, crude oil blends, and crude oil
distiliates; and

(b) separating said emulsion of step (a) into a plurality of layers,
wherein one of such layers contains a treated crude oil having decreased amounts

of organic acidsf
(c) recovering said layer of step (b) containing said treated crude

oil having a decreased amount of organic acid and layers containing water and
alkoxylated amine salt.

AMENDED SHEET
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7 13-@12080G ZHZ WO 991 50375 PCT/ US99/ 060’ -5 (6) is gas, (7) is where 65@)%"‘
foam br eaks, and (8) where the recovered aI koxyl ated amne is collec oo SUrY
DETAI LED DESCRI PTI ON OF THE I NVENTION: In the instant invention al koxyzﬁ?\gﬁmz
am nes of the followi ng fornulae (A) and (B): /{CH-CH-O m( CH~CHCH30) p

R~ ~(CHCHO n (CH-CHCH O ~ H and (B) H,(OCH-CH2) y( CH~CHCH30) p

( NHCH2CH2NH} X (CH, CH~O) Z (CH~CHCH30) g H are added to a starting crude oil

to renmove organic acids. Sonme crude oils cont al n organl c acids that

generally fall into t : ni c

aci ds. Naphthenic aci Z’%‘?EE”S@%@? Eﬁﬂr# use gﬁﬁr@nggpﬁgc%?e of
organi ¢ aci @gsentigHpef thelclRritdty SlsSlosrEhérein. Napht hen| c acids may be present
ei ther alone or in conbination with other organic acids, such as sulfonic
acids and phenols. Thus, the instant invention is parti cul arl y suitable for
extracting n; aracteristics of the

al koxyl at ed AP Eky & MY ERIRi ble in the oil to be treated,
and that the aI koxy groups [ rrpart wat er sol ubi I i ty or dispersability to t he
salts formed. Suitable al koxyl ated am nes include dodecyl pentaethoxy

amine. In the above fgigiskd @'Whdrehart!depRiing thd T4 eSS GRFMORCT~ 7

arc zool -6 preferably,” 5 to 15 and en and n are whole nunbers.”""R = | inear

or branched catdeysing tdntl_ ammezthoxylatee as e treatings gmt,@vcrmnrﬁmt atide
?nmngﬁesaﬁévfs‘x’é g5 Weleht V) anigerof 25 ?)%j%dr@f%a Sk ks, 2y gEvphon Gyne, 'wfn”ofe
Forml a (A WithEybte Pty Polaty Aok deyel b MR ortal e mblabblE 5 01 L e
of formula Gpmidfiind BraaidadiBis TRYwH 8REhER atid dldA3h6les per gram on the y

8xI1S.

Figure 2 is 8 flow diagram depicting how the process can be
appiied to existing refineries. (1) is water and alkoxylated amine, (2) is starting
crude oil, (3) is the desalter, (4) is the regeneration unit, (5) is the organic acid
conversion unit, (6) is treated crude having organic acids removed, (7) is lower
phase eniulsion, and (8) is products. - -

Figure 3 is a flow scheme depicting the application of the instant
invention at the well head. (1) is a full well stream, (2) is & primary seperator,
(3) is gas, (4) is crude, (5) is treated (upgraded) crude, (6) is water and organic
acid, (7) is a contact tower, (8) is alkoxylated amine, and (9) is water,

Figure 4 is an apparatus usable in recovering alkoxylated amines
that have been used to remove naphthenic acids from & starting crude. (1)isea
layer or phase containing alkoxylated amine, (2) is a thermometer, (3) is 2 vent,
{4) is = graduated column for measuning foam height, (5) is a gas distributor,

AMENDED SHEET



In tha instant invention, organic acids, including napbtlseaic acids which
arc renoved fromthe starting CrudC orl or blends arc preferably thosgg AUG 7007
havi ng ruol ec izghts rangi ng $om about 1j0 to about 800, -
pref erably, ftﬁ?&nggg out 200 to about 750. The instant inventi onpa;f/g 93403%1 y
substantially extracts or substantially decreases the anmount of naphthenic
acids present in the starting crude. By substantially is neant all of the
aci ds except far trace aarouats. However, it is not necessary for
substantially all of the acids to be renoved since the value of the treated
crude is incr¢asiegas,f(7dvewhearepbe foam bseakshand fphehensi the seqayered alkpyydatasd .
Appl i cants have found that the sno~nt of naphthenic acids can be reduced by
et | ee~st abo&@%%c%kéfeé‘r ably at |east about 90'a and, norn preferably)
at (east about 95% Stauting crude oils (starting cruder) as used herein
i nclude credo blends and distillates. Preferably) the starting crude wll
be a whol e crgger A QWD ISESERFETIION T9F HHE DUTEN of a whole credo such as
a vacuum gas U%%M. th as anount of
al koxyl ated am ne capable of form ng an amne salt with the organic acids
present in the starting crude. This typically will be the anmbunt necessary
to neutralize the desir &thennstant mivennonialkoxylated amingsi afahe §ollewmganount of
al koxyl ated amine will range fromO0.15 to 3 nol ar oquival eai s based upon
the anount of fermydee(4) é’é‘?&br esent in the crude. Sf one chooses to
neutralize substantially all of the naphthenic acids present, then a
AMENDED SHEET 2 9 auG zoos nol ar axcess o al koxyl ated araine will be
used. Preferably, 2.5 tinmes the anobunt of naphtnenic acid present in the
crude will he used. The nol ar excess allows for higher weight nolecular
acids to be renoved. The i nst afCH,GHe) | (@HJCHCHGHI of renoving

ou

napht heni ¢ acids ranging 4n | ecul ar weight fromabout 1 SO to about 80U,

preferably ab 250 to } for the naphthenic
.acids rernave:d nmay vary upwar 8pigg%ﬂmﬁalg¥%§ﬂ§?g§ﬂunbers her ei n
presented, since the ranges are dependent upon the sensitivity |level of the
anal yti cal neans used to dctetm ne the notccul ar wei ghts of the naphthenic
aci ds renpvedand| ~e al | coxyl ated anmines can be added al one or in
conbination with water. |If added in conbination, a solution of the

al koxyl ated am ne and water may be prepared. Preferably) 5 to 10 wt % wat er
i s added base o ¢ 8, cH,eaet o)
conbi nati on w@yhp?hééegggg%gégﬁggﬂggyﬁﬁgﬁ%}\ggﬁ,&ﬁtﬁ[}\’é@?u%?%(ﬁ dat ed foo)ﬂ H
atinme and at a tenipexature at which a water-in-oil enul sion of

al koxyl ated am ne_salts of organic acids will form Contacting_ tines depend
upon the nat uRk addedite asgtartimngfyude ol éo rempve erganiceerids.t Someicqudeatlent, and
t he anount of a&axyl at ed an%n&‘éadded. 1T?el tengfrature off re &;i on i. ané
tenperature t RORTAYY Preagyc asds that gencially fall o thy easegomy.AfnaPRMSIIC acids AR
napht heni ¢ aci j [ : - - .aal b

process is colﬁgﬁeé? gg&g{: g?lgirsr'pt;wra;o E}}eglgyg‘ﬁdggs&%n%g?%ﬁg%%e@%’tgigw%par g&éﬁfbl Y,
about 25 to alputgahddcidspreent @f £petdi¥umArodio ﬁﬁﬁthzh& 4e9dy may Hel presensd | |

range fromabout 1 mnute to | hour and, preferably) fromabout 3 to abort
3 U nminutes. -eitRercalone esimcombinatige wWitloothet organieacids, suchfassalflopid acds about
60 psi (413.7 K. Pa) and, nore preferably, from about 60 (413.7 K Pa) to
about 1000 (6804 pRepals. Jdius. thginsiansinuention iscpartieyarlyisyitabledenprirastinges and
pressures are deé' rabl e., The crude containing the salts is then mxed with
water, if stePAPRBeRfAGdSn is performed at a tenperature and for a tine
sufficient to forman enulsion. The tines and tenperatures renmain the sane
for sinultaneous addition and stepwi se addition of the water. If the 29
AUG 2002 WO 99150375 _g THRGHYoRAR! S6Ractadstids GFihk 21 ted BHlihy e tRhdthe t he
m xing i s conducted sinultaneously with the addition at the tenperatures
and for the tiamise demiscitidedn dheovit to bé trieatedptind eéivae slsealkok 9 igrouys inpart tvateeous
addition to mx for a period_ in addition to the period during which the
salt formati osolubilitiarrisparsabalitytauhe saltstormedt ﬁmtab}ﬁealkowlqugammae

i ncl udes both.cgntacti,ng,and agitatian to form an enul sion, .fqr anpl e,
m xi ng. Heavi é‘ﬂaefti%geé?%é@ewaa Ol SNG4 ?%tfmrgw PE@EE‘O‘P'”?GS rto] r and
viscosities greater than 200 cP at 25C, preferably, will be treated at

t enper at ures above 60C. Once the water in oil emul sion has been forned, it
is separated into a plurality of layers. The separation can be achieved by
means known to those skilled in the art. For exanple, centrifugation,
gravity settling, and el ectrostatic separation. A plurality of |ayers
results fromthe separation. Typically, three layers will be produced. The
uppernost layer contains the crude oil from which the acids have been

T ] N - o I



/ 002 WD 99150375 PCT/ LI S991060"' -9 Figure 2 depicts the inst@Rbaanar--
;@gﬁ;@ en applied in a reftnen~. The process is applicable to boﬁ]D Bbes0s07
production and refining operations. The acidic oil streamis treated w8y 2007
t he requi red amount of al koxvl ated am ne by adding the am ne to the wash

water and mxing with a static mxer at l.ow shear. Alternatively, the

al koxyl ated am ne can be added first, m Xed and foll owed by water addition

and m xins. The treated starting crude is then subjected to denulsificarion

ot her " separ Sorisfhtly 8% 4 edlPrtfidn WU CHARNMES, R S 1BEM Sobabifed HEV O
and subj ect q¢H Cg o/ T b\ GireferbblRiTg tb C, JeSuitsile ahlited O Rrmati @) fachidd

enul si on phases are drawn off together or se arately,tfpreferably t oget her

and di scar déﬂN'-’Diﬁ_(%-hWow&EylbsﬁMmceﬁgEdn%e thetabioye omlmlctpx%i te Beand

t t . , L t
;éﬁiﬁhngngmﬁﬁﬂ% pRBY s 20 TR SEHOS REIDEH PHTOAo A3, BFSERBED Ky Obe
non- cor r oo SAETARTY 07 NS TR g belel or B8 (BT Tl be

i nstant i nvejkd OP dMRiLITAIRNG nisRess ¢ formaRP{ A r #ithForthula (B ViﬁwﬁaPL aligPd Al the

wel | head, starting crudéS typically contai’n co-produce ter and gases.

Figure 3 il hatidizablees t he applicability of the instant invention at the well
head. In Figure 3, a full well stream containing starting crude, water and
gases is passed into a separator, and separated into a gas streamwhich is

renoved, a water streq{m\_{@ AACIYS 'I{éuh{:ggs [t rude,
and a starting crude s rea%&'ﬁ"?aw r?%a%’?% an g%sgre%apé&n%ﬁ%%ﬂ&ﬂ%y
contain tragfichatifemevedfeémthe Hartinpéideailochletgs afe prafiratiydhégeen passed
into a contact tower. Al koxylated am ne can be added to either the crude or

wat er and t lavingsualecular avaiphts ranging fiom aboutal 30 tocebout 809, more preferably,
tower. The ter, an ude st ar,e passed j.n a coupferqgurrent, fashi on
in the contﬁmﬂ%&&h?% "BS@S énﬁ"gma%??‘l’%i’ e S0SEENtalY m an
nst abl e oi Lzip= s Sy i jo QL aed by in
the. aoi di o eReNUrShbGEsat P decrfilel it @RbRnf G aHhMnic acils BEiol inf ] 9

only m|d agtdriihg 6fude0 By subiatinlly i@hmthnoftﬁéllﬁugekcép%ffbpni& produce a
di spersion of oil in a continuous aqueous phase. The crude oil should be

added to t hampyntouHopiexek it ismes neeassarytfioe subsiansinllysibetthodicids taded to t he
crude oil) in_order. toanini aakze forn&tiaﬁw .of a st%bke \/vater-ia-o%fg’6

aaul si ou. ATFEPYY BRCY! ng o %“5?'& PSS fncrepssC il gVt @ pemmonoLite ous
phase is us @ areFemaekdn P AT, @ﬂy_p@ h@ﬁqm tabl e

emul sion w Iﬁlgp%?'ﬁnﬁif thgekr ati ob%fhg?}lc%&gggggus p ggteh%i s I: t%gf | ess. The
at nouat of abphthghiztesidecimie riduted by geldasoabaut 79%, préferabinmt depst atsdutnt s
based upon the anpunt of g@rganic acid _present in the starting crude.
Aqueous pha@@g/? i@ﬂ@rpﬁegﬁg&ﬁt atleastabait 91"'?0-al koxyl at ed eazine is added
directly to the crude or al koxylated am ne and water if al koxyl atcd anEi ne
is added to the water stream broplet size from10 to 50 m crons,

preferably 2t1-50 i cistirtingicude/oilsC@tdring eAtRd) Mﬂﬁ:&ﬁ%@fm&gﬁxwi de oil

and aqueous al koxyl ated am'ne shoul d be Carried out for a period of tine
Buf f ci ent bbendsspdrdistilistes. oPreferablyhthesstastingorudt will bea wholerrode, butf er abl y
to cause at |east 58/ a_ by wejght, nore preferably, at |east 80%and, nost
preferably, °%9&Sbe%d’GifF‘qq9“P§ﬂéY|§§°Pﬁi enRICAAS doYREUNM 838,01k The ani ne.

10C t o apoutafins s SRR WisFyfinolh HERRBIRRulR dapile of o "
foiaiing a gémiing annBthiveqaltiwith SRREanicRRIdVAIREAR M trePRAing 608, UThRAI t S

produced are stripped off the crude droplets as they rise fromthe bottom
of the cont &picaliywill berthe emoantnecsssarty to peumnlizethie idesined smounpofcide

el de” (1 owsProseybr TyRicelly cie FEPURF of pUREY A6ed B wilhBres B O Ly | |
?222|v2’?£a bR HFRefl sed B BN, ok R5id ER o ECrRRY ucr
T Gost red. O ShERIe o nRyRERY QIAGHIART RN, MRp BT R, Rt

renoved fromttze contact towor can be reinjeeted into the ground.
~l owever, AMENDED SHEET

AMENDED SHEET



2 9 AUG 7002 WO 99150375 PCT/L' S991 060" -11 due to the cost of the

al koxyl ated amne) it will be desirable to performa recovery step prior to
‘reinjection. The recovered al koxyi ated ami ne can then be reused in the
process, thereby creating a cyclic process. If it is desirable to .
regenerate the organic acids, including naphthenic acids and alkoxylgﬁéWGZWl
am nes, the follow ng process can be used.. The nethod conprises the steps

of (a) treating the layers remaining follow ng renoval of said treated

crude layer including said ermulsion |ayer, with an acidic solution selected

from the grqHglas exddsk of AtkoXylRed bmarkd W4l be vead bPrefefably, 05 tidiesahr essure
and pH sufficient to produce naphthenic acids and an amine salt of said

m neral aci diodnwent ofinephtilenizcicid peesesicid the capdenwilbbe astthnihe malamexeasbon
G R BBl ST 5 £
tenper at ur o aRgbie of "ERpvHE tApHeARE sl R R iPflofecylls PR BlRTlAGRY ) e

Lo raise theyspiolabont 880, dleriligWhot: 250 1) BEAUTIB05 AL RERRO LI YN hi O

create a foam contai-ning said al koxyl ated am nes; (e) skinmmng said foamto

obt ai n sai d msphtheplcasasds mmmmambmmnmmarduﬁ g| oreini | |
coll apse with tinme An as which is inert or nreaQtlve t i nst ant

process can HI8s&fitsl SES %?P@eﬁﬁ@a@ﬁ‘a mlb&: EEQC will be
used. Suitabl i [ F‘% r | If it
i s desirabl M@F@a?&'&l %Ztgfdoe}lfnﬁﬁﬁlé g‘nflcl:ﬁa S ng‘\?\/ﬁ% o{frggéjg%iﬁtfléxgear“ san
can be used,acpds rehfagedknown nechani cal techniques. In the method used to

recover the al koxylated am nes, a mneral acid may be used to convert any
al koxyl ated am ne salts of napht heni c acid fornmed during naphthenic acid

renoval froma star-ti ; cr de e aci ds rrﬁ%/aa 9 AUG 2og go 99&1150375
PCTI USO9/ 060 - 12 sel ot &“PBF? gan, &t%‘PBERTH}?Bm magon Wi
phosphori c ggdd aﬂ‘idﬂbc‘fh%&ﬁbiﬂiﬁ 0§ soldfidhdfine klkéxyefdd BRindi hd WhtefRY be

o
added to the enul sion of am ne al ony | ated salts ux%'ler pressure. In either
scenari o, tmheaypbs preq:dthd.lBntfmbb'oﬁttorl@e\m%rwatbrsqdﬂecbbammomﬂwmmmm is

reached, prefera Iy about 4 to Q. Aci ddi ti qn result n formati on of an
upper napht H; dM%ﬁWﬁ&“ﬁFFs?‘g@F@r L T athaé'@ﬁeqratmr The
| ayers are r aaqt':ﬁﬁ I organi c
base such atst m%m@%%g‘r'om Gﬁ'&t%cgg)r g?gxaﬁ%%mgot aSSI um %y%?om de or

m xt ures t hewgtef-in-oil emumnn loflalianytated amive shltst of orEmc acklspiilform eat er
than about 8. Alternatively, the agqueous |ayer is at ed at a tenperature

and for a tiGentagtng kmesdepend T3RERi éh?vm e tybe trestedpits of

about B5C, APLy aithefh ed Bl %%ﬁ%&%gﬁg#@j%&wt $0 to

Methane Or ek s ay tEnperahienhithwitl st hesction B11the allioxpldted emny drdci ent

to create a foam containing the al koxyl ated am nes. The foami s then
recover ed arthbie oaphtheniodcids coptaingd imthegruds i be taatadi Typically, theqro

reinj ccti on.® i oA e eipetateies s bRl B4 fn Shod 2t G, Permrenl B B&#ﬁ%‘t:‘)
10130/ 30 1 SR TR TR IR0 POThE Eﬁ“ﬁ‘gék’ﬂ‘s%’?‘%sﬁéﬁ”’n;dg )

oil. "l SODAEbMJt 1 sninotel todphewfdnidp prefeiably, Iffarh abo8 weabodt G0 mhimitesal s a
base oil, and Aromatic 150 is an aromatic distillate. 5-~i chol anic acid

was used as Itrns;umdeﬂl mght&maunasnb@nc. pmfmbbl@mmoutwm@mm

PCT/ 1, ' 5991080 e Wete- Ry, i BEhihoRS, PR pHAL kb&e todo S‘i'

subj ected g rtngge“f }ﬁe e tl%%srmt L H)%eéi'zﬁblngl‘h% % B ate
ani ne (R_ ~ ttcuI ' de! }aﬁ‘t rﬁ't Q‘ ulf‘ﬁc?ent The
total acid ls oaequg)c és agél ent Ergﬁl gﬁf agrg%rae r’FD t%g i 1t10n and stepwise

Per f or mance g 'd Uh ft revea
chol ani c aC|(§l romthe treated 0|I EXAMPLE 2: A North Sea Crude (Gryphon)
having a TAN of 4.6 was utilized in this exanple. The al koxyl ated am ne
shown was used at the noted wt % water addition and am ne treat rate. The
results are tabulated in Table 1.



TABLE 1 Amine Amine Treat Rate Water W% ~ TAN (nol e Equival ents) after
treat ~0} H~. 510 1.2 C1 ~HSN ~(EOnH m+t n=5 NONE O 10 4.2 EXAMPLE AffG‘ZUUZ
al koxyl at ed arWB@b salt of naphthenic acid was prepared by ne';g?r,ggg

sanpl e of commerci al naphthenic acid with an equi nol ar anount R

2U02 WO 991 50375 PCTI US991 060" of dodecyl pentaethanol amne. .4 30 wt~o0
solution of the salt ~~~as nade ~n ~ater t-@-create a nodel enul sion

cont ai ni ng al koxyl at ed amoni um napht henate salt. 100 nlL of the organic
salt solution was taken in a separatory funnel and concentrated sulfuric
acid added t o additieh ishdoneHimoltsneotsiyi, tis¢ mixinp et casduméd saphitdneouslyaeith thes a
wat er insoluble oil was observed. The |ower aqueous phase was separ at ed
fromthe oil ;addmraatcthmmmr@mrngzamd)fwrdbemdqsgnbgd abavex kipsBet 9. The

agueous sol ution was oduc d into f.oam atlon arat us as,shown
"n Figure 4. nepemtﬂmﬁxmﬂ%m&gﬁa@@wv X108 DEFiogHS ASRHHQNIO the

onm ool | speedtHisHETR Kfich e S8k Kooy lgt@gﬁ$§véﬁ°ie§f}? § eRABER ol L
a concentrate E‘J{rgﬂg(iﬁ?d@ m@ﬁﬂ%@‘%ﬂﬁé&lta&m d dafo%orrt AMosrthiiisrAa f6F ude,

G vphon was su ed to the emul'sion fractiorati on process described in

Exanpl e 3. Thexhmple, mixing i Heaviensmdesssuektas aitdsedvith A Rsimdicas of @0l ariewei 00
nm. of the enul sion was taken in a separatory funnel and concentrated

sul furic acid aaddesbqsmdsrgrcajen than08 ¢h-atad5°E, preferatdy.awill beitnsated asf

napht henic acid as a watﬁg g@cpd uble oil was observed. The |ower- aqueous
phase was sepdFRPERMIES APPYROVIY phase. The oii phase was anal yzed by FTIR
and i 3C NVMR to confirmthe presence of naphthenic acids. HPLC anal ysis

i ndicated 2S0 to 750 nol ecul ar wei ght napht heni c aci ds were extract ed.
Amoni um hydr oxi de vas agach vibeinidl eRuisioN BECbidh IR irds BepRhred inithe

aqueous sol ution was introduced into the foam generation apparatus shown in
Figure 4. a plurality of layers. The scparanon can be achieved by means known to those

skilled in the art. For example, centrifugation, gravity settling, and electrostatic
separation. A plurality of layers results from the separation. Typically, three
layers will be produced. The uppermost layer contains the crude oil from which
the acids have been removed. The middle layer is an emulsion containing
alkoxylated amine salts of high and medium weight acids, whilg the bottom layer
is an aqueous layer containing alkoxylated amine salts of low molecular weight
acids. The uppermost layer containing treated crude is easily recoverable by the
skilled artisan. Thus, unlike the treatments used in the past whereby the acids
are converted into products which remain in the crude, the instant process
removes the acids from the crude. The layers containing the naphthenic acids

may have potential value as specialty products.
Additionally, though not required, demulsification agents may be
used to enhance the rate of demulsification and co-solvents, such as alcohols,

may be used along with the water.

The process can be conducted utilizing existing desalter units.



2 9 AUG Z002 WO 99150375 PCT/ US99~060" - 15 Air was bubbl ed through the
.inlet tube at the bottomto generate a stable sustained foamthat was? g AyG 2007
col l ected in (Rpogidpkisecti on chanber. The foam col | apsed upon s;,g,p)% 607"
resulting in a yeltow liquid characterized as a concentrate of docecy

pent aet hanol am ne. EXAMPLE 5: A North Sea Crude, G yphon was subjected to
the enul sion fractionation process describéd in Exanple ?. The | ower

enul si on phase was extracted and used as follows: 100 nL of the emul sion
was taken into an autoclave, solid CO- added and the enul sion was stirred
at 300 rpmat 80C and 1@®igwsi2 depic’ thoinstant Pirecqss shentapphiedarmtrefihenyed f or
20 mnutes at 1800 rpmto separate the water insoluble naphthenic acids
from the aquedihe proaess.is applicable pmbetd praductien §ndEimng-oPETaHAASt 3C NMVR t 0

confirmthe presence of, napht heni ¢ aci.d. , HPLC .anal [ [ j cat,ed ,250. to 750
nol el:ul ar we:o ¥ 4 ﬁtqli]efﬁ%“bbﬁ taéatg@pv;ét Fr’%’i'é‘iﬁ“ﬁ@q %#o’éﬂﬁ@glﬂmﬁﬁase

was at a pH OTbR/gad@ﬂ%ﬁ%téxﬂgxcr@Qﬁé‘?Iaéﬁ k»%croindtxﬂ&if?%%m &Péﬁ‘c ixef AfjodUeO0Us
solution was introduted 1hto the foam generation apparatus shown in Figure

4. Air was bulghesd AhemativélyettiediRbxylbied antink Ren betadasd fsioaiiRédhrd a stabl e
sustai ned foamthat was collected in the collection chanber. The foam

col | apsed uporfoHowedbygvates additiog and mixyngd. | The treeged dtarting zrude iszben as a

concentrate of docecyl pentaethanol amne, .,z s ayr zooz WD 991503p - 16
EXAMPLE 6: PCHubjeg toa?cmulmftcnngn 6% SeRATation ifpa desatiing nrxtwinclvapphies &ht 600

Neut r aUAr ot i ¢ 150 d del oil, 5.ci L ani ' d
he. model - napiSSRERFISNA A1 of aq PRBon SneAnsy SS9 eanorbna TR ARE

(y=r-1, x=1). ;@\g ' ' kot s i ed
upon the annur?tfiro ﬁéﬂéﬁglsgb egi@gglog?ﬁg%ﬁ%ﬁﬁﬁ%f?&ﬁﬂ&ydﬁé?/é?ﬁﬁy %3’? éne
diamne , 5 Welnleioapheass ad deswh @ff togettice aF separatelyapeferatildl together and

Centrifugation was used to separate the naphthenic acid as its salt into a

| ower enul si ordistanded. They Mayalsooé pradesdedrsepavatdly ¢d redowen thedireatingchhinei |
was reduced fram2,9 to less than 0.2. EXAMPLE 7: A North Sea cr ud?,,
G yphon (TAN ikew)seythe rgsevered) agpgaps amme solution may be reused and a cyclic

process obtained. The naphthenic acid stream may be further treated, by

methods known to those in the art, to produce a non-corrosive product, or

discarded as well.

In a production process, the instant invention would be especially
applicable at the well head. At the well head, starting crudes typically contain
co-produced water and gases. Figure 3 illustrates the applicability of the instant
invention at the well head. In Figure 3, a full well stream containing starting
crude, water and gases is passed into a separator, and separated into a gas stream
which is removed, a water stream which may contain trace amounts of starting
crude, and a starting crude stream (having water and gases removed) which may
contain trace amounts of water. The water and crude streams are then passed
into a contact tower. Alkoxylated amine can be added to either the crude or
water and the instant treatment and mixing carried out in the contact tower. The
water and crude streams are passed in a countercurrent fashion in the contact
tower, in the presence of alkoxylated amine, to form an unstable oil-in-water

emulsion. An unstable emulsion is formed by adding the acidic crude oil with



e I The amine was used at the follow ng conditions: The nole rafd an=—
N%%B‘H)Eﬁ%so{oz hydr oxyet hyl ) ethyl ene dianine to acid = 2.5. Reaction s 80%000"

tenperature = 25C Reaction time = 5 mnutes Vol une of wash water :ZO\Iz/t(V 00
M xi ng of wash water = gentle tunbling of oil-water m xture for 10 m L?tﬂeLLﬁ
Separation = centrifugation at 1800 rpm_fg@r 30 m nutes. 2 9 AUG 200Z WO

991 50375 PCT, "' 1.~S991060" _ 17 . TAN reduction from4.6 to 1.~ wth about
96% vield of the treated oil was achieved. HPLC of the untreated and

enul sion fr | ' (I};E,s T T ' cul ar

wei ght s froran&ggg‘gi?%ﬁgé%‘d\f\le@gng?brﬁgﬁs d. aﬂiﬂﬁgfﬂ&l%tgggg% 00S ?ioo; ;29
AUG 00z - 18 dikghriitn bf ofl inrocomindous aquésuslissg Thezrude 6il shisultiberadded
starting crude oil conprising the sups of (e)_ treating the snrting crude

oi | cont ai nitoghe ageedus mhase oather han hapqueeps phass being added q thesaudgoile and

yvatcr tndcr, conditions and.for .a tj at_a tcmerattus ,sutf ci.ent to
forma wat erm'cﬂ'a%ritlom ﬁ“r%c o%n%okg%@??“ﬁpgﬁ% '?i'll'k&(?#'gtogol’ m ne
IS selected fr t . 73, ' | t he
Fol T owi ng {or D HEIE.S R PHL S ol el s bale Bt )
( CH2CHCH3C) Qveighhef eil and aguousoplisse ardstable enwudeion veill formnifitiesiratiokof 0ifr oup

of C~ to Cue. (B) F~QCHzCl ~~CHSCHCH30~( NHCHZC-NH, x CHZCHZO~ CHZCHCH30-~I
to aqueous phase is 1:1 or less. The amount of alkoxylated amine will range

from 0.15 to 3 molar equivalents based upon the amount of organic acid present
in the starting crude. Aqueous phase is cither the water stream, if alkoxylated
amine is added directly to the crude or alkoxylated amine and water if
alkoxylated armine is added to the water stream. Droplet size from 10 to 50
microns, preferably 20-50 microuns, is typically needed. Contacting of the crude
oil and aqueous alkox&lated amine should be carried out for a period of time
sufficient to disperse the oil in the aqueous alkoxylated amine preferably to
cause at least 50% by weight, more preferably, at least 80% and, most
preferably, 90% of the oil to disperse in the aqueous alkoxylated amine. The
contacting is typically carried out at temperatures ranging from about 10°C to
about 40°C, At temperatures greater than 40°C, the probability of forming a
stable emulsion increases, The naphthenic acid ammoninm salts produced are
stripped off the crude droplets as they rise from the bottom of the contact tower.
The treated crude is removed from the top of the contact tower and water
containing alkoxylated amine salts of naphthenic acids (lower layers) is removed
from the bottom of the contact tower, In this way, an upgraded crude haviug
naphthenic acids removed therefrom is recovered at the well head. The treated
crude may then be treated, such as electrostatically, to remove any remaining

water and naphthenic acids if desired.

The water and organic acid alkoxylated amine salt byproducts

removed from the contact tower can be reinjected into the ground. However,

AMENDED SHEET



where x=1 to 3 and y+z-2 to 6, and V\/nereln p+g~ to 15, m ~ctures o~fo~nuls
(A) "and mixtures of fornmula (B); wherein said starting crude oil is 29 AUG 200

'sel ected fram p consisting of cncde oils) crude oil bl -
§Bruigs sl .

crude oil distl and (b) separating said enul sion of ste

plurality of |ayers) wherein one of such |layers contains a treated crude
oi I h$ving decreased anpuast of organic acilds; AVENDED SHEET n~. ~ ~V
13-01- 2000 US 00990e0 2 9 AUG ?U~~ -19. (c) recovering said |layer of step
(b) containing said treated crude oil having a decreased anmount of organic

acid and | ayergueanthaicosngt thatatkoxytatedlakning lianilll badesealslaltd pedorilee process
of claim1l wh~rcin said water is added simultaneously with or follow ng
sai d al Loxyl atmdoam'rﬂecp priommoerepyjessds of claim 1 wherein said amount of
al koxylated arninc is 0.1 ~ to 3 nolar equival ents basod upon the anount of
organic acid present in the crude. 4. The pm:ess of claim1l wherein said

i ducted i fi t d i
desal ting nnit to pr ohﬂcﬁv%?eahé}éréﬁeﬁ Pl gERE LG b HHSRRHEIRG o gani ¢
aci ds renmoved pLtterehg ﬁgﬂnggﬁghg?pé&wl ng water and al koxyl ated am ne

salts. 5. The roceés 0 a| m In said process is cvnductod at a

If it is desirable to regenerate the organic acids, including
naphthenic acids and alkoxylated amines, the following process can be used.
The method comprises the steps of (a) treating the layers remaining following
removal of said treated crude layer including said emulsion layer, with an acidic
solution selected from the group comprising mineral acids or carbon dioxide, at a
pressure and pH sufficient to produce naphthenic acids and an amine salt of said
mineral acid when mineral acid is used or amine bicarbonate when carbon
dioxide is used, (b) separating an upper layer containing naphthenic acids and a
lower aqueous layer; (c) adding, to the lower aqueous layer, an inorganic base if
step (a) utilizes a mineral acid, or heating at a temperature and_for a time
sufficient, if step (a) utilizes carbon dioxide to raise the pH to 2 8; (d) blowing
gas through said aqueous layer to create a foam containing said alkoxylated
amines; (¢) skimming said foam to obtain said alkoxylated amines. The foam
may further be collapsed or will collapse with time. Any gas which is inert or
unreactive in the instant process can be used to create the foam; however,
preferably, air will be used. Suitable gases are readily selectable by the skilled
artisan. If it is desirable to collapse the foam, chemicals known to the skilled

artisan can be used, or other known mechanical techniques.

In the method used to recover the alkoxylated amines, a mineral
acid may be used to convert any alkoxylated amine salts of naphthenic acid

formed during naphthenic acid removal from a starting crude. The acids may be



wel | head cad said starting crude is contained in a ful! wll streamfrom
said well head and conprising passing said full well streaminto a 29 AUG 2000

separator to for S stream a starting crude stream containing organic
acids and a wa 899§9$gam eountereurrently contacting sud startf’ﬁg’ué 5%6%’

oil with en anount of said water streamin the presence of an anmount of as
al koxytatcd amno far a tane and at a tenperature sufztcient to form an
$ntinc salt wherein said al korylated amne is selteted fauns the group
consi sting of al koxylattd ami nes having thel¥ollowi ng fornulas (A) and (B):
AVENDED SHEET rcLs . ~ (.~ t:r -, 1.3-01-2000 a s oo~~ono; ; 2 9 AUfi
2Q02 . ~~o. f(CHZCH24~(CHzCHCHSO p H é?} R--~1 1(CH CH20) n (CHzCHCHsO Q H
where m'-n = seleaedbrommduifuric ptide hydrochinrimeadidaphasphore eapsl @7d mExmELESC~ i n

a contact tower, for a, ti.ne and tenperature sy~ci,ent to forman upstable

oil-in water ethensefi Addiganal EB)CE-F\!((‘I%HX y@mﬁgﬁénm%mmmﬁm RQHyY X
(CH-CH-C~) z (CH, ~Hwhere x=1 tq_3.and y~2 .t0,.6, a rein p+c~Q
to 15, m xt ur S@i‘“‘?f%ﬁﬁﬁ“& u(n rBT"%S?J‘FX?Hreé@g’(')fé/eflgphuf% :ﬁé}gdg?l%ﬂ%r ocess

according to ckhrubdhBiil AGHP\6EabOE 68t f&sgli%feszh@d,gﬁ_emm? AbButeh 6. Acid

conprising (s) contacting the |ayer or phase containing el koxyl ated am ne
salt of organi additionsesultshndermatich sfireupper daphthednie agidoontainmy ois laver,

m neral acids or carbon dioxide in_as anount s~cient sad under conditions

PO it eyt igto n Sl Lol

; Eiedl, O\S/rer hggﬁaggy ﬁfﬂﬁfgéﬁ ’Pﬂfﬂa&%biseﬁé%\ﬁ.ais . %’ﬂ)‘“{’hgﬁﬁq"m?ééd’é‘? nei al

ol fzes car ?gggﬁ%gﬁdB??%@&% oRfie %’rﬁ‘gﬁuﬁﬁgﬁ?%@z ??R‘E‘Fe%taﬁ P e )
R g’t?t?irﬁoaf(‘epa?ﬂ;%%a{ep i g)%?'s. ﬁﬂéﬁﬁﬁ@clgh Iﬂ‘% a}qtu‘éo{% FR Keald?

cont ai ni ng sai SW ne; recovering oam cont al ni ng
sai d al kaxyl at goh empeeature and poracene satlioedt, ificdrbos Ididxidé is\sdetorobtain aen
said regeneration is applied_ in a refinery) said recovered al koxyl at cd
anine i s recycpHdofigreatarthansabeys 8. Alvpiextly, Shelayer will be-heated to-about 4040
1.3-01-2000". ébc;utlé§°89819e(%g%bly, about 80°C. A gas, for example, air, nitrogen, methane
or ethane, is then blown through the solution at a rate sufficient to create a foam
containing the alkoxylated amines. The foam is then recovered and collapsed to
obtain the alkoxylated amine. The recovery process can be used either in the

refinery or at the well head prior to reinjection.

The invention will now be illustrated by the following examples

which are not meant to be limiting.
EXAMPLE 1:

In this example a 40/30/30 “ISOPAR-M"/Solvent 600
Neutral/Aromatic 150 was used as a model oil. “ISOPAR M" is an isoparaffinic

distillate, Solvent 600 Neutral is a base oil, and Aromatic 150 is an aromatic

distillate. 5-B cholanic acid was used as the model naphthenic acid.



2 9 AUG 7?00~ -21 8. 'l hc process according wclaim5 wherein the ratio of
.sadid water to said starting crude streamis I:3 to 1:15. 9. The pro s %&
claim 1l whereiwpsgisgh7amount of water is 5 to |Uw,~Q based upggth 9%% Q{
of said starting aude. 10. The process of claimt wherein said eauic IS a
m xture of am~.ines of farnuh (A) and fornula tB). AMENDED SHEET

A AU, . A AS]. A A AY@A' ! S. A9S. A AsH. AS . As{if: ALS. A

AA e AT AAA DA YIVIN~ >Y[3 0r d 0o, ztoje [V]ca]ca]ca]ca]ca]calca]c

a] cRa | L . .

U] c*aU] ca] ca] ca] ca] ca] ca) waecef] thajacrchvespelapdigedan ¢lag orodet odjand|subjdeted] toa U]
c a , DFUap}Zs . . :

BDYMev| vql gb] XNE papesss swpe apied) heaeipcusiemedodsod peateethoryiate a01ea(Rafen) cay)

cisaf L vol o ERES) EUFRRIEAER AR af o emperapes Thejoal e ca) o
#}C \6/1 q}cgg{ \é\ﬁ gg% %]aﬁtg% ca dgg ég?égl?éc{g H‘:ﬁ%ggj’ (39 ajf Mﬁgﬁggi%caﬁ I(‘:lf:(\]]u é:dg] E:?(] ca
? .. } Gll]5yt ]ni cl%%f%@}@ﬁafﬁ?ﬁéﬁémﬁﬂa ca%gafwéﬁglf%afﬂ céj c

alU] ca] cal] ca] apddteddpital] ca] cal] ca] cal] ca] cal] ca] ca] ca 5°555666+6;

6766V : p>} >>>>>?BCCDDbFFFFGG, GGH~yt o] d_ZU] ] ca] ca] caU] ca] ca] ca] ca] ca] cal] ca]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca]ca] ca]ca]ca!'H M
HNUNXNpNUNBSSSSSTTTTTTIUqVz V| VKWSWYNNNYNNY Xy X~yt oi d_Zj d_ZU] ] ca] ca] ca] ca] c”a]
ca] ca] ca] ca] cmic’\a] ca] ca] ca] ca] ca] cal] ca] ca] ca] cha] ca] ca] ca] ca] caU
]ca] ca] cal] ca yXXXX5YsYmZZ[[[\ O n\\Ararn 677" "] bbhd

d+dld~ytoje_Zjd_ZU] ] ca] caU] ca] c(a] ca] ca] ca] ca]ca] ca]ca]ca] c”a]ca]ca]cal]ca]

cal] ca] ca] ca] ca] ca] ca] c” 15 :

1d: d<dKd} deG ff f  f ggBhGﬁq% ; sibkEﬁ*%atﬁéiﬁwls%ﬁjmﬂ%Eﬁﬁc‘aﬂqe"fz‘}'g_wﬁﬁ]‘ﬁ:ha ey ca
] ca] ca] ca] ca] ahid @ahadt.c The alkoxylated amine shown was used at the noted wt% water

a] ca] ca] ca] ca] ca!_(_:aU] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca] c”a

| k{ kkkkkJI | 6 damimertdeas gatep | Ppresplsiaset tabulawddnAdble d] ca] ca] ca] cal]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal] c

a] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca

gqg$gsqtqqqqqgrrr rBrErhrjrsrvrrr.s?sCsGsl sNsRsUsasps{vpke [Vnid_Zjd ZU]]c
ajcaljc aUc alJc aUc a]Jc allc

a) ca] cal] ca] cay] ca] cal] ca] cal] ca] cal] calrsmilEa] caU] ca] cal] ca] caU] ca] cal] ca]
cal] caps~sssss tuttu)u_uuu>vBvwwhxxxyy) yFySyYyyBzzz~yt oj eke [Vnid_Zjd_ZU]]]

c aJjcalc Ami : t -
a] ca] ca] ca] ca] ca] caPé%ﬁ cajcalcalc '@H]ec-gfﬂ M%am&}m ca] cdlArd] ca]ca] calc
a] ca] ca] c”a] ca] ca] caVn~dE (mole Equivalents) after treat
% 10%Z& ()-10%& ()-sMLO%& ()-L10%Z& ()-4(Z10%Z& ()- 110% & ()- ~ >[dE
109%&Z& ()- 93109%Z&' () - O)mH 25 10 12
Ci2HasN
O)H
m+ n=j;
NONE 0 10 42
EXAMPLE 3:

An alkoxylated ammonium salt of naphthenic acid was prepared by

neutralizing a sample of commercial naphthenic acid with an equimolar amount



1092Z& ()- &10%Z& ()- F109Z& ()- 9109%Z& ()-3 0rdB!,: %0%& ()-L8T10%Z& ()- &
(10978 () - MDYA0YZE ()-!109R& ()- 109Z& ()-  d ~\=109%& ()- !*109%<4<RHW)E 2001
1{*109%& () - '%&%@?@- 10Z 10Z 10Z, : 940%& ()-d Oo, FAE~\ =" 610%& ()0 -~
4:10%& ()-LF1 Y- 9% 109& () - #109%& () - F&
109 ()- RSTUap} ~ @sZ109%3& ()-'!10%3& ()-!10%& ()- 10 10
10" <10%&' ()-F: 1109 ()- }ZaB~ @ 10%G& ()- !e, 310%=& ()- 109%& () - 43
109658 ()- 109%C& ()- sY10%G& ()- YMIE~ @.Q10%3& ()- ,.109%& ()- 9)
1096G& () -, ' 109%6G& () -
109638 () - & 109%C& () - Mest uv| ~ @ 10%&' () - 0S- 109%&' ()-!S- 109%FF& () -

of dodecyl pentaethanol amine. A 30 wt% solution of the salt was made 1n water

to create a model emulsion containing alkoxyiated ammonium naphthenate salt.

100 mL of the organic salt solution was taken in a separatory
funnel and concentrated sulfuric acid added to bring the pH to 6. An instant
release of naphthenic acid as a water insoluble oil was observed. The lower
aqueous phase was separated from the oil phase and ammonium hydroxide added

to obtain a pH of 9.

The aqueous solution was introduced into a foam generation
apparatus as shown in Figure 4. Air was bubbled through the inlet tube at the
bottom. A copious foam was generated and collected in the collection chamber.
The foam collapsed upon standing resulting in a yellow liquid charactenized as a

concentrate of dodecyl pentaethanol amine.

EXAMPLE 4:

A North Sea crude, Gryphon was subjected to the emulsion
fractionation process described in Example 2. The lower emulsion phase was

extracted and used as follows:

100 mL of the emulsion was taken in a separatory funnel and
concentrated sulfunic acid added to bring it to a pH of 6. An instant release of
naphthenic acid as a water insoluble oil was observed. The lower aqueous phase
was separated from the oil phase. The oil phase was analyzed by FTIR and
'*C NMR to confirm the presence of naphthenic acids. HPLC analysis indicated
250 to 750 molecular weight naphthenic acids were extracted. Ammonium
hydroxide was added to the aqueous phase to obtain a pH of 9. The aqueous

solution was introduced into the foam generation apparatus shown in Figure 4,



10G 10G 10GS9?10%& ()-2910%& ()- ;zdE~_@, 109& ()- Z10%& ()- @ 10%& ()-
f109& ()- Y109%&' ()-) Z109%&' ()-zLdE~ @$109%&' ()- |" 109%& ()- , 109& (29 AUG@0?
109& () - fs10%iphmozrs 10%& ()-[L1IdE~_@ 3109%& ()- 210% () .
109 ()- ,9) 1(@«39%) "S100& ()- 1~ @' 109%E& ()-S(, YLORE ()-loi"cf-(}giz‘%)”{’ﬁ" 10
10 107109%& ()-f510%& ()- ' NdB~ @ &F10%ZZ& ()- 109%Z& ()-: 109%Z& ()- S10%& ()-

& 109%& ()-9!109%Z& ()-s' dE~ @9Y710%& ()- 95! 109%Z&' ()- 3MLOYZ& () -

8% 109Z&' () - &" #109%Z&' () - &MLO%WZ&' () - | IKLXervbe! mlo%t| & ()- @ & 10%4| & ()-' 10%
4| & ()-T10%| & ()- 10Z

Air was bubbled through the inlet tube at the bottom to generate a stable
sustained foam that was collected in the collection chamber. The foam collapsed
upon standing resulting in a yellow liquid characterized as a concentrate of

docecyl pentaethano] amine.
EXAMPLE 5:

A North Sea Crude, Gryphon was subjected to the emulsion
fractionation process described in Example 2. The lower emulsion phase was

extracted and used as follows:

100 mL of the emulsion was taken into an autoclave, solid CO,
added and the emulsion was stirred at 300 rpm at 80°C and 100 psi for 2 hours.
The product was centrifuged for 20 minutes at 1800 rpm to separate the water
insoluble naphthenic acids from the aqueous phase. The oil phase was analyzed
by FTIR and *C NMR to conﬁrm ‘the presence of naphthenic acid. HPLC

analysis indicated 250 to 750 molecular weight naphthenic acids were extracted.

The lower aqueous phase was at a pH of 9 indicating regeneration
of the organic amine. The aqueous solution was introduced into the foam
generation apparatus shown in Figure 4. Air was bubbled through the inlet tube
at the bottom to generate a stable sustained foam that was collected in the
collection chamber. The foam collapsed upon standing resulting in a yellow

liquid characterized as a concentrate of docecyl pentaethanol amine,
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EXAMPLE 6:

In this example a 40/30/30 “ISOPAR M"/Solvent 600
Neutral/Aromatic 150 was used as a model oil, 5-B cholanic acid was used as the
model naphthenic acid, and N,N"-bis(2-hydroxyethyl) ethylene diamine (y=z=1,
x=1). The acidic oil was treated with an equimolar amount (based upon the
amount of 5-B cholanic acid) of N,N'-bis(2-hydroxyethyl) ethylene diamine ,

5 wt% water was added to the treated oil and mixed. Centrifugation was used to

separate the naphthenic acid as its salt into a lower emulsion phase.

The Total Acid Number (TAN) of the acidic model oil was reduced from 2.9 to
less than 0.2.

EXAMPLE 7:

A North Sea crude, Gryphon (TAN = 4.6) was used in this

example. The amine was used at the following conditions:

The mole ratio of N,N'-bis(2-hydroxyethyl) ethylene diamine to acid = 2.5.
Reaction temperature = 25°C

Reaction time = 5 minutes

Volume of wash water =10 wt%

Mixing of wash water = gentle tumbling of oil-water mixture for 10 minutes

Separation = centrifugation at 1800 rpm for 30 minutes.
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achieved.

HPLC of the untreated and emulsion fractionated oil revealed that naphthenic

acids in molecular weights from 250 to 750 were extracted.
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1. A process for extracting organic acids from a starting crude
oil comprising the steps of:

(8) treating the starting crude oil containing naphthenic acids
with an amount of an alkoxylated amine and water under conditions and for a
time and at a temperature sufficient to form a water-in-o0il emulsion of amine salt
wherein said alkoxylated amine is selected from the group consisting of
alkoxylated amines having the following formulae A and B:

_(CH,CH0)y(CH,CHCE;0), B

R—N
(A) “NCH;CH;0) n(CHCHCERO0) 1

where m+n = 2 to 50 and R = linear or branched alkyl group of C; to Ca,

B) I-F(OCH;CH;_);{CH;CHCH;O)E[NHCECHzNH};(CHzCHzot( CH;CHCH;O\q—H
where x=1 to 3 and y+2=2 to 6, and wherein p+q=0 to 15, mixtures of formula

(A) and mixtures of formula (B); wherein said starting crude oil is selected from

the group consisting of crude oils, crude oil blends, and cruds oil distillates; and

(b) separating said emulsion of step (a) into & pluralit).' of layers,

wherein one of such layers contains a treated crude oil having decreased amounts

of organic acids;

AMENDED SHEET
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(c) recovering said layer of step (b) containing said treated crude
oi] having a decreased amount of organic acid and layers containing water and

alkoxylated amine salt.

2. The process of claim 1 wherein said water is added
simultaneously with or following said alkoxylated amine.

3. The process of claim 1 wherein said amount of alkoxylated
amine is 0.15 to 3 molar equivalents based upon the amount of organic acid
present in the crude.

4.  The process of clatm 1 wherein said process is conducted in
a refinery and said separation is conducted in a desalting unit to produce a phase
containing a treated crude having organic acids removed therefrom, and phase
containing water and alkoxylated amine salts.

-

5. The process of claim 1 whercin said process is conducted at a
well head and said starting crude is contained in a full well stream from said well
head and comprising passing said full well stream into a separator to form a gas
stream, a starting crude stream containing organic acids and a water stream;
countercurrently contacting said starting crude oil with an amount of seid water
stream in the presence of an amount of an alkoxylated amine for a time and at 8
temperature sufficient to form an amine salt wherein said alkoxylated amine is
selected from the group consisting of alkoxylated amines having the following
formulae (A) and (B):

AMENDED SHEET
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/(CHZCHzO)m(CH;zCHCH;O)pH

—N
(A) “NCHCH;0) , (CH,CHCH;0)

where m+n = 2 to 50 and R = linear or branched alky! group of Cgto Cypin 2
contact tower, for a ime and temperature sufficient to form an unstable oil-in-

water emulsion; and
(B) RH-(OCH;CH,) ;,(CH2CHCH30)])— {NHCH,CH,NH }; (CH;CH:O); (CH,CHCH; O)cl—H

where x=1 to 3 and y+z=2 to 6, and wherein p+¢=0 to 15, mixtares of
formula (A) and mixtures of formula (B).

6. A process according to claim 1 for recovering said
alkoxylated amine further comprising (a) contacting the layer or phase
containing alkoxylated amine salt of organic acids with an acid selected from the
group comprising mineral acids or carbon dioxide in an amount sufficient and
under conditions to produce organic acids and an aqueous layer; (b) separating
an upper layer containing organic acids and a lower aqueous layer; () adding, to
the lower aqueous layer, an inorganic base if step (8) utilizes a mineral acid, or
heating at a temperature and for a ime sufficient if step (a) utilizes carbon
dioxide, to raise the pH of the layer to greater than or equal to 8; (d) blowing a
gas through said aqueous layer to produce a foam containing said alkoxyiated
amine; (&) recovering said foam containing said alkoxylated amine.

7. A process according to claim 6 wherein when said

regeneration is applied in a refinery, said recovered alkoxylated amine is
recycled in the process.

AMENDED SHEET
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9.  The process of claim 1 wherein said amount of water is 5 to
10 wt% based upon the amount of said starting crude.

10. The process of claim ! wherein said amine is a8 mixture of
amines of formula (A) and formula (B).
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